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© Optically active compound, liquid crystal containing the same, liquid crystal device and display 
method using the same. 



© An optically active compound represented by the following general formula (I): 

Rt -Ai -A 2 -X, -A3-(CH 2 ) P -L-A4-R2 (I) 

^ where p is an integer from 2 to 20 

where Ri and R2 respectively are H, F, CN or straight chain, branched or cyclic alkyl group (one or more -CH 2 - 
CO in the alkyl group may be replaced by -O-, -S- -CO-, -CH (CN)-, -CH = CH- or -C = C- under condition that 
^ hetero atoms do not position adjacent and the hydrogen atom in the alkyl group may be replaced by a fluorine 
CO atom) having 1 to 30 carbon atoms, A3 is a group selected from the group consisting of 1, 4-phenylene, 
O pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, 1 ,3-dioxane-2,5- 
*° diyl, 1,3-ditiane-2,5-diyl, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzox- 
O azole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5-diyl, benzofuran-2,6-diyl, quinox- 
q aline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl, 2-alkylindane-2,5-diyl (the alkyl group is a 
■ ■■ straight chain or branched alkyl group having 1 to 18 carbon atoms), indanone-2,6-diyl, 2-alkylindane-2,6-diyl 
(the alkyl group is a straight chain or branched alkyl group having 1 to 18 carbon atoms), coumarane-2,5-diyl 
and 2-alkylcoumarane-2,5-diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 18 carbon 
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atoms), each of which may be substituted by at least one substituent selected from the group consisting of F, CI, 
Br, CH 3 , CF 3 and CN, Ai , A 2 and A* are single bonds or selected from A3, Xr is a singl bond, -C0O-, -OCO-, 
-CH2O-, -OCH2-, -CH2CH2-, -CH = CH- or -C 5 C-, L is optically active: 



The alkyl group is straight-chain or branched alkyl group having 1 to 5 carbon atoms. 

FIG. 1 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a novel optically active compound, a liquid crystal composition 

containing the same, a liquid crystal device using the same and a liquid crystal apparatus. More particularly, 
the present invention relates to a novel liquid crystal composition having an improved response characteris- 
tic with respect to an electric field, a liquid crystal display device using the same, a liquid crystal device for 
use in a liquid crystal-optical shutter and a display apparatus using the liquid crystal device to display 

10 information. 

Related Background Art 

Hitherto, liquid crystal has been used in a variety of industrial fields as an electro-optical device. A 

75 major portion of liquid crystal devices uses a TN (Twisted Nematic) type liquid crystal disclosed in, for 
example, "Voltage Dependent Optical Activity of a Twisted Nematic Liquid Crystal", M.Schadt and 
W.Helfrich, P.127 and P.128, Vol. 18, No. 4 (February 15, 1971) of "Applied Physics Letters". The TN liquid 
crystal devices act on the basis of the dielectric arrangement effect of the liquid crystal, the effect being 
realized by the dielectric anisotropy of liquid crystal molecules such that the direction of the average 

20 molecular axis is oriented into a specific direction by the electric field. It has been said that the optical 
response speed of the TN liquid crystal devices is limited to milliseconds, the speed being unsatisfactory 
for a multiplicity of applications. 

In view of application to a large size and plane display, operation using a simple matrix method is a 
most advantageous method to reduce the cost and realize a satisfactory manufacturing yield. The simple 

25 matrix method employs an electrode structure formed such that a scanning electrode group and a signal 
electrode group are arranged into a matrix configuration. To operate an electrode structure of the foregoing 
type, a time division operation method has been employed in which address signals are selectively, 
sequentially and periodically applied to the scanning electrode group; and predetermined information 
signals are selectively and in parallel applied to the signal electrode group in synchronization with the 

30 address signals. 

However, employment of the TN type liquid crystal in the device operated by the foregoing method 
results in finite application of an electric field to a region (a so-called "semi-selected point") in which a 
scanning electrode is selected and as well as no signal electrode is selected or a region in which no 
scanning electrode is selected and as well as a signal electrode is selected. If the difference between 

35 voltage applied to the selected point and that applied to the semi-selected point is sufficiently large and if a 
voltage threshold required to orient liquid crystal molecules perpendicular to the electric field is set to an 
intermediate voltage between the foregoing voltages, the display device can be operated normally. If the 
number (N) of the scanning lines is increased, time (the duty ratio), in which an effective electric field is 
applied to one selected point, is shortened undesirably at a rate of 1/N during scanning the overall screen 

40 (one frame). Therefore, the difference between effective voltages respectively applied to the selected point 
and the non-selected point is reduced in inverse proportion to the number of the scanning lines. As a result, 
the contrast of the image is undesirably lowered and a problem of cross talk cannot be overcome. 

The foregoing phenomenon takes place when liquid crystal having no bistability (the "stable state" is a 
state where liquid crystal molecules are oriented horizontally with respect to the surface of the electrode 

45 and liquid crystal molecules are oriented vertically only when the electric field is effectively applied) is 
operated by using a time accumulation effect (that is, scanned repeatedly). Therefore, the foregoing 
problem is an inherent problem that cannot be overcome. 

To overcome the foregoing problem, a voltage averaging method, a two-frequency operation method 
and a multi-matrix method have been suggested, resulting in that a satisfactory effect has not been 

so obtained. Therefore, any of the foregoing methods has been unsatisfactory and trends for enlarging the 
screen formed by the display devices and for raising the density have encountered limitations. 

To overcome the problems experienced with the conventional liquid crystal device, use of a liquid 
crystal device having bistability has been suggested by Clark and Lagerwall (see Japanese Patent Laid- 
Open No. 56-107216 and U.S. Patent No. 4,367,924). 

55 As the bistable liquid crystal, ferroelectric liquid crystal having chiral smectic phase C (phase S*C) or 

phase H (phase S*H) is usually used. The ferroelectric liquid crystal has bistability with respect to an 
electric field, the bistability being consisting of a first optically stable state and a second optically stable 
state. Therefore, unlike the optically modulating devices for use in the foregoing conventional TN type liquid 

3 
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crystal, liquid crystal molecules are oriented in the first optically stable state with respect to either electric 
field vector and liquid crystal molecules are oriented in the second optically stable state with respect to 
another lectric field. Furthermore, liquid crystal of the foregoing type has characteristics (testability) of 
having either of the two stable states in response to the added electric field and as well as maintaining the 

5 foregoing state if no electric field is added. 

The ferroelectric liquid crystal has an excellent characteristic of a high speed response as well as the 
bistability. The reason for this is that the spontaneous polarization of the ferroelectric liquid crystal and the 
applied electric field directly react with each other to induce transition of the state of orientation. As a result, 
the response speed is, by 3 to 4 orders, higher than that realized due to the reaction between the dielectric 

w anisotropy and the electric field. 

Since the ferroelectric liquid crystal latently has the excellent characteristics as described above, use of 
the characteristics enables the foregoing problems experienced with the conventional TN type device to be 
overcome substantially essentially. Therefore, applying of the ferroelectric liquid crystal to a high speed 
optical shutter and a high-density and large-size display is expected. Hence, liquid crystal materials having 

75 the ferroelectric characteristic have been widely studied. However, the ferroelectric liquid crystal materials, 
that have been developed, are unsatisfactory in terms of their characteristics required for the liquid crystal 
device including the operational ity at low temperatures, high speed response and contrast. 

In the ferroelectric liquid crystal, response time t, the intensity Ps of the spontaneous polarization and 
the viscosity rj have the following relationship represented by the following equation (1): 

20 

X = — — ... (1) 

Ps-E 



25 

where E is an applied electric field. 

Therefore, the response speed can be raised by any of the following methods: 

(a) The intensity of the spontaneous polarization is raised. 

(b) The viscosity v is reduced. 

30 (c) The applied electric field E is enlarged. 

However, the upper limit of the applied electric field is present because the ferroelectric liquid crystal is 
operated by an IC or the like. Therefore, it is preferable that the applied electric field is minimized. As a 
result, the viscosity jj must be reduced or the intensity Ps of the spontaneous polarization must be 
enlarged. In general, ferroelectric chiral smectic liquid crystal compound having a large spontaneous 

35 polarization involves a trend of having a large internal electric field generated by the spontaneous 
polarization and therefore encounters a great limitation in allowable device structures which are capable of 
realizing the bistable state. If the spontaneous polarization is enlarged excessively, the viscosity is also 
raised, thus resulting in that the response speed cannot be raised as desired. 

In a case where the actual temperature range for the display is about 5 9 C to about 40 ° C, the response 

40 speed usually changes about 20 times which exceed the limit adjustable by changing the operation voltage 
and the frequency. 

The liquid crystal device adapted to use the refractivity of liquid crystal usually has a transmissivity 
under a crossed-Nicol represented by the following equation (2): 



45 



— = sin 40asin — K 
10 X 



(2) 



so where ! 0 is intensity of incidental light, I is intensity of transmissive light, e a is an apparent tilt angle defined 
later, An is anisotropy of the refractivity, d is the thickness of a liquid crystal layer and X is the wavelength 
of incidental light. The tilt angle 0 a in the foregoing non-spiral structure is caused to appear as the angle of 
the direction of the average molecule axis of liquid crystal molecules twisted in the first and second states 
of orientation. According to equation (2), when the apparent tilt angle e a is 22.5*, the maximum transmis- 

55 sivity is made highest. Therefore, the apparent tilt angle 0 a in the non-spiral structure for realizing the 
bistability must be closer to 22.5 " . 

However, application to the non-spiral ferroelectric liquid crystal disclosed by Clark and Lagerwall and 
having bistability raises the following problems that undesirably lower the contrast. 



4 
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First, since the tilt angle e a (the half of an angle made by axes of molecules in the two stable states) in 
the conventional non-spiral ferroelectric liquid crystal formed by an orienting process using a polyimide film 
subjected to a rubbing process is smaller than the tilt angle (angle 6 which is the half of the apex angle of a 
triangular prism to be described later) of the ferroelectric liquid crystal, the transmissivity is low. Second, 
5 although the contrast can be raised in a static state in which no electric field is applied, black images are 
undesirably lightened because liquid crystal molecules are fluctuated by a small electric field during the 
non-selected period in the matrix operation in a case where an image is displayed by applying a voltage. 

As described above, to realize the ferroelectric liquid crystal device, a liquid crystal composition having 
a chiral smectic phase is required, which exhibits high speed response, the response speed of which does 
10 not considerably depend on temperatures and which has high contrast. Furthermore, uniform switching of 
the display, excellent visual angle characteristic, low temperature dependency and reduction of loads on the 
operating IC must be realized by making adequate the spontaneous polarization, chiral smectic pitch C, 
cholesteric pitch, temperature range, in which the liquid phase is realized, the optical anisotropy, tilt angle 
and the dielectric anisotropy. 

75 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an optically active compound capable of 
attaining a large spontaneous polarization, having high speed response, capable of reducing the tempera- 
20 ture dependency of the response speed and realizing high contrast so as to put into practice a chiral 
smectic liquid crystal device, in particular, a ferroelectric liquid crystal liquid crystal device, and also to a 
liquid crystal composition containing the same, in particular a chiral smectic liquid crystal composition, a 
liquid crystal apparatus, and a display method which uses the foregoing liquid crystal composition. 

According to the present invention, there is provided an optically active compound comprising a 
25 structure represented by the following general formula (I): 

Ri -At -A2-X1 -A3 -(CH 2 ) P -L-A* -R 2 (I) 

where R1 and R2 respectively are H, F, CN or straight chain, branched or cyclic alkyl group (one or more 
30 -CH 2 - in the alkyl group may be replaced by -0-, -S-, -CO-, -CH (CN>-, -CH = CH- or -C a C- under 
condition that hetero atoms do not position adjacent and the hydrogen atom in the alkyl group may be 
replaced by a fluorine atom) having 1 to 30 carbon atoms, A3 is a group selected from the group consisting 
of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohex- 
ylene, 1,3-dioxane-2,5-diyl, 1 ,3-ditiane-2,5-diyl, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, ben- 
35 zoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5-diyl, 
benzofuran-2,6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl, 2-alkylindane- 

2.5- diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 18 carbon atoms), indanone- 

2.6- diyl, 2-alkylindane-2,6-diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 18 
carbon atoms), coumarane-2,5-diyl and 2-alkylcoumarane-2,5-diyl (the alkyl group is a straight chain or 

40 branched alkyl group having 1 to 18 carbon atoms), each of which may be substituted by at least one 
substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, Ai, A2 and A* are single 
bonds or selected from A3, X1 is a single bond, -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = CH- or -C 
s C-, p is an integer from 2 to 20, L is optically active butanolyde-2,4-diyl or optically active 4- 
alkylbutanolyde-2,4-diyl (the alkyl group is straight-chain or branched alkyl group having 1 to 5 carbon 

45 atoms) or optically active 2-alkylbutanolyde-2,4-diyl (the alkyl group is straight-chain or branched alkyl 
group having 1 to 5 carbon atoms). 

According to another aspect of the present invention, there is provided a liquid crystal composition 
containing one or more kinds of the optically active compounds as an essential component. 

According to further aspect of the present invention, there are provided a liquid crystal device having 

50 the foregoing liquid crystal composition disposed between a pair of electrode substrates, a liquid crystal 
apparatus having the liquid crystal device, in particular, a display apparatus, and a display method for 
displaying information by controlling the foregoing liquid crystal composition. 

Other and further objects, features and advantages of the invention will be evident from the following 
detailed description of the preferred embodiments in conjunction with the attached drawings. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross sectional view which illustrates an example of a liquid crystal device using 
liquid crystal having a chiral smectic phase according to the present invention; 
5 Fig. 2 is a perspective view which schematically illustrates an example of a device cell to explain the 
operation of a liquid crystal device using ferroelectric characteristic of liquid crystal; 

Fig. 3 is a perspective view which schematically illustrates an example of the structure of a device cell to 
explain the operation of a liquid crystal device using the ferroelectric characteristic of liquid crystal; 
Fig. 4 illustrates tilt angle (0) of a liquid crystal molecule; 
w Fig. 5 shows waveforms in a method of operating the liquid crystal device according to the present 
invention; 

Fig. 6 is a schematic view which illustrates a display pattern to be performed when an actual operation is 
performed with the time sequential operation waveforms shown in Fig. 5; 

Fig. 7 is a block diagram which illustrates a liquid crystal display apparatus having a chiral smectic liquid 
15 crystal device according to the present invention and a graphic controller; and 

Fig. 8 is a timing chart of image information communication between the liquid crystal display apparatus 
and the graphic controller. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

Preferred embodiments of the present invention will now be described. 

In an optically active compound according to the present invention and represented by chemical 
formula (I), Ri , R2, Ai . A2 . A3 . A* , X1 , L and p may be combined within the aforesaid range. Although 
preferred combinations will be described, individual combinations of the described materials are suitably 
25 selected. 

Among the optically active compounds represented by general formula (I), a compound satisfying any 
of requirements (la) to (Id) is preferably exemplified in the view points of the temperature range for the 
liquid crystal phase, miscibility, viscosity and orienting characteristic. 

(la) An optically active compound in which A1 and A2 are respectively single bonds or a group selected 
30 from the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, 
pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzox- 
azole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5-diyl, 
benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl and 
coumarane-2,5-diyl, each of which may be substituted by at least one substituent selected from the 
35 group consisting of F, CI, Br, CH 3 , CF 3 and CN, A3 is 1 , 4-phenylene, which may be substituted by one 
or more substituent selected from a group consisting of F, CI, Br, CH 3 . CF 3 or CN and A4 is a single 
bond. 

(lb) An optically active compound in which A^ and A2 are respectively single bonds or 1 , 4-phenylene, 
which may be substituted by at least one substituent selected from the group consisting of F, CI, Br, 

40 CH 3 , CF 3 and CN, A3 is a material selected from a group consisting of pyridine-2,5-diyl, pyrimidine-2,5- 
diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, 
thiaziazole-2,5-diyl, benzoxazole-2,5-diy1, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6- 
diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, 
indane-2,5-diyl or coumarane-2,5-diyl and A* is a single bond. 

45 (Ic) An optically active compound in which A1 is a single bond, A2 and A* are respectively groups 
selected from the group consisting of 1 , 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5- 
diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, ben- 
zoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5- 
diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl and 

50 coumarane-2,5-diyl, each of which may be substituted by at least one substituent selected from the 
group consisting of F, CI, Br, CH 3 , CF 3 and CN, and A3 is 1 , 4-phenylene, which may be substituted by 
at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 
(Id) An optically active compound in which Ai is a single bond, A2 is a single bond or 1 , 4-phenylene, 
which may be substituted by at least one substituent sel cted from the group consisting of F, CI, Br, 

55 CH3, CF3 and CN, A3 is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine-2,5- 
diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, 
thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazol -2,6- 
diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, 

6 
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indane-2,5-diyl and coumarane-2,5-diyl and A4 is 1 ,4-phenylene, each of which may be substituted by at 
least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 
Further preferred compounds are the following compounds that satisfy any of the following require- 
ments (laa to Idb): 

5 (laa) An optically active compound in which A1 , A 2 , A* and X1 are respectively single bonds, and A 3 is 

1.4- phenylene, which may be substituted by at least one substituent selected from the group consisting 
of F, CI, Br, CH 3 , CF 3 and CN. 

(lab) An optically active compound in which A1 , A* and X1 are single bonds, A2 is a group selected from 
the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1,4-cyclohexylene, 
70 thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, quin- 
oline-2,6-diyl, 2,6-naphthylene and indane-2,5-diyl, each of which may be substituted by at least one 
substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, and A 3 is 1,4-phenylene, 
which may be substituted by at least one substituent selected from the group consisting of F, CI, Br, 
CH 3 , CF 3 and CN. 

75 (lac) An optically active compound in which A* and X1 are single bonds, A1 is pyrimidine-2,5-diyl, A 2 and 
A 3 are 1,4-phenylene, which may be substituted by at least one substituent selected from the group 
consisting of F, CI, Br, CH 3 , CF 3 and CN. 

(lad) An optically active compound in which A* and X^ are single bonds, A1 and A2 are groups selected 
from the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1,4-cyclohexylene, 
20 thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl and indane-2,5-diyl, each of which may be 
substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, 
and A 3 is 1 ,4-phenylene, which may be substituted by at least one substituent selected from the group 
consisting of F, CI, Br, CH 3 , CF 3 and CN. 

(Iba) An optically active compound in which A1.A2.A4 and Xi are single bonds, As is a group selected 
25 from the group consisting of pyridine-2,5-diyl, 1,4-cyclohexylene, quinoxaline-2,6-diyl, quinoline-2,6-diyl 
and 2,6-naphthylene. 

(Ibb) An optically active compound in which A1 , A4 and X t are single bonds, A2 is 1,4-phenylene, which 
may be substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 
and CN, and As is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
30 1,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, quinoxaline-2,6-diyl, quino- 
line-2,6-diyl and 2,6-naphthylene. 

(lea) An optically active compound in which A1 and X1 are single bonds, A2 is a group selected from the 
group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1,4-cyclohexylene, thiophene- 

2.5- diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, quinoline-2,6- 
35 diyl, 2,6-naphthylene and indane-2,5-diyl, each of which may be substituted by at least one substituent 

selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, and A3 and A4 1,4-phenylene, which 
may be substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 
and CN. 

(Ida) An optically active compound in which A1 and Xi are single bonds, Aa is a group selected from the 
40 group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole- 
2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naph- 
thylene and indane-2,5-diyl, A2 and A4 are 1,4-phenylene, which may be substituted by at least one 
substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 

(Idb) An optically active compound in which A1 , A2 and Xi are single bonds, As is a group selected from 
45 the group consisting of 1,4-phenylene, pyridine-2,5-diyl, 1,4-cyclohexylene, quinoxaline-2,6-diyl, quino- 
line-2,6-diyl and 2,6-naphthylene, which may be substituted by at least one substituent selected from the 
group consisting of F, CI, Br, CH 3 , CF 3 and CN, and A4 is 1,4-phenylene, which may be substituted by 
at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 
In a case where 1,4-phenylene having one or two substituents (F, CI, Br, CH 3 , CF 3 or CN) is contained 
so in the optically active compound represented by general formula (I), preferred substituent is any of F, CI, Br 
and CF 3 , and more preferably F. 

In the structure in general formula (I), L is usually optically active 4-butanolyde-2,4-diyl or optically 
active 4-alkyl-4-butanolyde-2,4-diyl (the alkyl group is straight-chain or branched alkyl group having 1 to 5 
carbon atoms) or optically active 2-alkyl-4-butanolyde-2,4-diyl (the alkyl group is straight-chain or branched 
55 alkyl group having 1 to 5 carbon atoms), 
(i) n-C a H 2a+1 -Yi- 
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(ii) 



E 
I 

C b H 2b ., CH (CH ; ) 0 -Y,- 



(iii) 

CH, 
I 

CH,.mO (CH,) , CH (CH 2 ) c 



(iv) 



F . 
I 

C iH2jf i CH ~ Y2 ~ 



(v) C h F 2h+1 (CH 2 ) r Yi- 

(vi) C k F 2k+1 (OC2F4)wOCF 2 CH 2 0- 

(vii) H 

(viii) F 
(ix) 



(x) 



(xi) 



(xii) 
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(xiii) 



5 



(xiv) 

10 



15 



(XV) 

20 




25 

(xvi) 



where a is an integer from 1 to 16, d, g and i are integers from 0 to 7, b, e, h, j and k are integers from 1 to 

35 10, f and w respectively are 0 or 1, m, n, q, r, s and t are integers from 0 and 10 in which b + d ^ 16, e + 
f + g ^ 16 and h + i ^ 16 are satisfied, E is CH 3 or CF 3 , Yi is a single bond, -0-, -COO- or -OCO-, Y 2 is 
-COO-, -CH2O-, -CH2CH2O-, -CH 2 CH 2 CH 2 0- or -CH 2 CH 2 -, Y 3 is a single bond, -COO-, -CH 2 0-, -OCO- or 
-OCH 2 which may be optically active materials, and p is preferably an integer from 2 to 12, and further 
preferably an integer from 2 to 9. 

40 The five-membered cyclic lacton-based compound serving as the optically active compound and a 
liquid crystal composition containing the same have been disclosed in Japanese Patent Laid-Open No. 2- 
138274, Japanese Patent Laid-Open No. 2-138385 (USP.4,973,425), Japanese Patent Laid-Open No. 2- 
261893, Japanese Patent Laid-Open No. 2-286673, Japanese Patent Laid-Open No. 2-289561, Japanese 
Patent Laid-Open No. 3-52882, Japanese Patent Laid-Open No. 3-58981, Japanese Patent Laid-Open No. 3- 

45 173878, Japanese Patent Laid-Open No. 3-173879, Japanese Patent Laid-Open No. 4-193872 and Japa- 
nese Patent Laid-Open No. 4-334376. However, the foregoing compounds have a structure that the linking 
portion of the lactone ring and that of the mesogen skeleton are bonded with a methyleneoxy group or a 
single bond and no disclosure has been made about the compound according to the present invention in 
which the lactone ring is bonded by an alkylene bond. Furthermore, no description has been made about 

50 the characteristics and effects of the compound according to the present invention. According to the present 
invention, there is provided a novel optically active five-membered cyclic lactone compound characterized 
in that the lactone ring and the mesogen skeleton are bonded with each other by the alkylene bond which is 
flexible and attains low viscosity. The present invention is structured based on a knowledge that the 
foregoing compound is capable of attaining a large spontaneous polarization, having high speed response, 

55 capable of reducing the temperature dependency of the response speed and realizing high contrast. 

As the optically active compound represented by general formula (I), it is particularly preferable that a 
compound specifically represented by the following general formula (V) is employed: 
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where Ri ' is H, F, CN or a straight, branched or cyclic alkyl group (one or more -CH 2 - in the alkyl group 
may be replaced by -O-, -S-, -CO-, -CH (CN)-, -CH = CH- or -C = C- under condition that hetero atoms do 
not position adjacent and the hydrogen atom in the alkyl group may be replaced bye fluorine atom) having 
w 1 to 20 carbon atoms, R 2 * is a straight or branched alkyl group (one or more -CH 2 - in the alkyl group may 
be replaced by -O-, -CO- or -CH = CH- under condition that hetero atoms do not position adjacent and the 
hydrogen atom in the alkyl group may be replaced by a fluorine atom), A3 1 is a group selected from the 
group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl pyridazine-3,6- 
diyl, 1 ,4-cyclohexylene, 1 ,3-dioxane-2,5-diyl, 1 ,3-ditiane-2,5-diyl, thiophene-2,5-diyl, thiazole-2,5-diyl, 
75 thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6- 
diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quino!ine-2,6-diyl, 2,6-naphthylene, in- 
dane-2,5-diyl, 2-alkylindane-2,5-diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 
18 carbon atoms), indanone-2,6-diyl, 2-alkylindane-2,6-diyl (the alkyl group is a straight chain or branched 
alkyl group having 1 to 18 carbon atoms), coumarane-2,5-diyl and 2-alkylcoumarane-2,5-diyl (the alkyl 
20 group is a straight chain or branched alkyl group having 1 to 18 carbon atoms), each of which may be 
substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, 
Ai ' and A 2 * are respectively single bonds or selected from A3', Xi' is a single bond, -COO-, -OCO-, -CH 2 0-, 
-OCH 2 -, -CH 2 CH 2 - t -CH = CH- or -C ■ C-, and * represents optically active characteristic. 

Among the optically active compounds represented by general formula (P), it is preferable to employ a 
25 compound satisfying the following condition (la*) or (lb*) in viewpoints of the temperature range for the liquid 
crystal phase, the mixing easiness, the viscosity and orienting easiness for the liquid crystal: 

(la 1 ) An optically active compound in which Ar and A 2 t are single bonds or groups selected from the 
group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, pyridazine- 
3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, 
30 benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5-diyl, benzofuran-2-6- 
diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl and coumarane-2,5-diyl, 
each of which may be substituted by at least one substituent selected from the group consisting of F, CI, 
Br, CH 3 , CF 3 and CN and A3 is 1 , 4-phenylene, which may be substituted by at least one substituent 
selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN and A4 is a single bond. 
35 (lb') An optically active compound in which Ar and A 2 t are single bonds or 1 , 4-phenylene, which may be 
substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, 
A3 f is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5- 
diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, ben- 
zoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5- 
40 diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl and 
coumarane-2,5-diyl. 

As the optically active compound represented by general formula (P), it is preferable that any material 
represented by (laa') to (Ibb') be employed. 

(laa') An optically active compound in which Ar, A2* and Xi' are single bonds and A3* is 1 , 4-phenylene, 
45 which may be at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 
(lab') An optically active compound in which Ai' is a single bond and both of A 2 ' and A^ are 1,4- 
phenylene, which may be at least one substituent selected from the group consisting of F, CI, Br, CH 3 , 
CF 3 and CN. 

(lac 1 ) An optically active compound in which Ai' and xr are single bonds, A2* is a group selected from 
50 the group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, 
thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, qutnoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6- 
naphthylene and indane-2,5-diyl, A^ is 1 , 4-phenylene, which may be substituted by at least one 
substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 

(Iba') An optically active compound in which Ai\ A 2 f and X1 ' are single bonds and A3* is a group 
55 selected from the group consisting of pyridine-2,5-diyl, 1 ,4-cyclohexylene, quinoxaline-2,6-diyl, quinoline- 
2,6-diyl and 2,6-naphthylene. 

(Ibb ? ) An optically active compound in which Ai' and Xi' are single bonds, A 2 f is 1 , 4-phenylene, which 
may be substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 
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and CN and A 3 * is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, quinoxaline-2,6-diyl, quino- 
line-2,6-diyl and 2,6-naphthylene. 
In the optically active compound represented by general formula (I'), it is preferable that Rr and R2 are 
5 materials selected from a group consisting of (i*) to (v'). 
<i') n-C a H 2a + i-Yr- 
(">■) 

~CH 3 

10 1 

Cb- H2b' ti C H (C H2) <]• ~ Y 1 ' ~~ 



<iii') 

75 

C H 3 
I 

C -H a . M 0 (CH 2 ) r CH (CH 2 ) ,.-Y,' 

20 

(iv') 

F 
I 

25 C , H 2j oCH-Y/ - 



(V) C h .F 2h . + 1 (CH 2 )r-Yr- 

where a' is an integer from 1 to 16, d\ g' and V respectively are integers from 0 to 7, b\ e\ h' and j f 
30 respectively are integers from 1 to 10, f is 0 or 1 in which b' + d f ^ 16, e f + V + g f ^ 16 and h f + i f ^ 16 
are satisfied, YV is a single bond, -0-, -COO- or -OCO- and Y 2 f is -COO- or -CH 2 0-, which may be 
optically active. 

The optically active compound according to the present invention can be prepared by a method in 
which a lactone ring is formed in the final stage thereof and which is exemplified by a method (A) having 
35 the steps of converting an alcohol into tosyl so as to be prepared into a malonic acid derivative; and 
causing it to react with an optically active oxirane and a method (B) having the steps of coupling oxirane 
having a olefin terminal with 9-BBN; and causing it to react with a derivative of a malonic acid. The optically 
active compound can be prepared by forming the lactone ring and by subjecting it to a coupling reaction 
(preparation examples (C) and (D)). 

40 



45 



50 



55 
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(A) 



TsCl 

R,- A,- A 2 - X,-A 3 -(CH 2 ) P OH R,- A,- A 2 - X,- A 3 -(CH 2 ) P OTs 



10 



IS 



20 



25 



CH 2 (COOC.Hs), COOC 2 H 5 
R 1 -A,-A 2 -X I -A,-(CH J )pCH 



A. -R, 



COOC 2 H s 



R.-A,- Aj-X.-Aj-CCH^p-VT 1 - A,-R 2 




0 



(B) 



O 



CH 2 =CH-(CH 2 ) p - 2 



R.-A,- A 2 -X,- A 3 -Br 



V 7 



R.-A.-A.-X.-Aa-CCH^p 



9 - BBN 

(CHsOCO^CH - A, - R 2 



V 7 



30 



R.-A.-A^X.-Aa-CCHOp-VT 1 - A 4 - R 2 




O 



35 



40 



(C) 



CH 2 =CH-(CH 2 ) P - 2 -Br 



CH 2 (COOaHs). 



COOC 2 Hs 



CH 2 =CH-(CH 2 ) P - 2 CH 



A, - R 2 



COOC 2 H s 



45 



SO 



CH 2 =CH-(CH 2 ) p - 2 -^^^ A,-R 2 



R,- A,-A 2 - X,- Aj-Br 
9 - BBN 



R, - A,- A 2 - X.-Aa-CCH^p^V^ 1 - A« - R 2 




O 
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(D) 



CH 2 =CH-(CH 2 ) 



(C*HsOCO)»CH — A 4 — Ri 



2Vp - 2 



10 



15 



CH 2 -CH~(CH 2 ) P - 2 ^V /X i ;L - A< - R 2 



R,- A,-A 2 -X,-A 3 -Br 
9 - BBN 



R l -A,-A 2 -X 1 -A 3 -(CH 2 ) [> -V XN ^ A « - R 2 



where TsCI is p-toluenesulfonic acid chloride, and 9-BBN is 9-borabicyclo[3.3.1] nonane and R1.R2.ALA2, 
20 A3, A4, X1 and P are the materials according to the foregoing general formula. 

Schematic constitutional formulas of the optically active compound (the compounds in general formula 
(P) included) represented by general formula (I) are shown in Table 1. Hereinafter abbreviated forms 
respectively represent the following groups. 

25 



30 



35 



40 



45 



50 



55 
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Ph23F 
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Ph2Cl : 


CI 

-o- 

CH 3 


Ph3Br : 


Br 

CN 


Ph3TF 




Ph2M : 




Ph2CN 




Prl : 




Pr2 : 


//TV 


Cy : 




Pyl : 


L ^1 


Py2 : 




Pa : 




Pd : 




Dt2 : 




Tn : 




Tzl : 




Tz2 : 


-€>- 


Td : 


N-N 


Dx2 : 


<>- 






Bob2 : 


-CO 


Bta2 : 




Btb2 : 




Np : 




Epl : 
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Table 1 
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No. 


R. 


A, 


A, 




Ai 


P 


L 








I 




- 


- 


- 


Ph 


2 


LI 


- 


CH„ 




2 


C,H„0 


- 


- 


- 


Ph 


2 


LI 


- 


C.H„ 




3 


C s H„0 


- 


- 


- 


Ph2F 


2 


LI 


- 


CH,, 


10 


4 


CHjO 


- 


Ph 


- 


Ph 


2 


LI 


'- 


QH,j 




5 


CeH.j'CIIFCCH^O 


- 


Ph 


- 


Ph 


2 


LI 


- 


CH I3 




6. 


C,H 15 0 


- 


Ph 


- 


Ph23F 


2 


LI 


- 


CH 13 




7 


CH,, 


- 


Ph 


-OCH,- 


Ph 


2 


LI 


- 


C,H„ 


15 


8 




- 


Ph 


-CsC- 


Ph 


2 


LI 


- 






9 


CJLrO 


- 


Ph 


-coo- 


Ph 


2 


LI 


- 


CH 13 




10 


CJL? 


- 


Prl 


- 


Ph 


2 


LI 


- 


C.H., 


20 


U 


CioHji 


- 


Pr2 


- 


Ph 


2 


LI 


- 


C«H 8 


12 


CnHjs 


- 


Pr2 


- 


Ph 


2 


LI 


- 


CsHn 




13 


C11H25 


- 


Pr2 


-coo- 


Ph 


2 


LI 


- 


CJI„ 




14 


C 4 H,0 


- 


Pyl 


- 


Ph 


2 


LI 


- 


CioH?i 


25 


15 


CijHj7 


- 


Py2 
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Ph 


2 


LI 
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CsH M 


16 


C.H.,0 
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Py2 
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Ph 


2 


LI 


- 






17 


GVCHFCIW 
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Py2 
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Ph 


2 


LI 
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CH„ 




18 


CsH.,0 


- 


Py2 


- 


Ph23F 


2 


LI 


- 


C 4 Hs 


30 


19 


CjoHji 


- 


Py2 
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Ph 


2 


LI 
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CH,, 




20 


GH„ 
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Py2 


- 


Ph3F 


2 


LI 
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21 


CH,, 
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Cy 


- 


Ph 


2 


LI 


- 






22 


CH lt OCO 
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Cy 
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Ph 


2 


LI 
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C„H M 


35 


23 


CH,, 


- 


Cy 


-CH=CU- 


Ph 


2 


LI 


- 


CioHji 




24 


CH, 


- 


Cy 


-coo- 


. Ph 


2 


LI 


- 


CH,, 




25 


CH,, 


- 


Pa 


- 


Ph 


2 


LI 


- 






26 


C10H21 


- 


Pd 


- 


Ph 


2 


LI 


- 


cn,, 


40 


27 


CH„ 




Dt2 




Ph 


2 


LI 




(CH l )^H=CH, 




28 


CH„ 




Tn 




Ph 


2 


LI 




CHu 




29 


Cflu'CHFCnjCH, 




Py2 




Ph 


2 


LI 




CtH,j 


45 


30 


CsHn 




Tzl 




Ph 


2 


LI 




C.[l„ 


31 


CH„0 




Tz2 




Ph 


2 


LI 




CsHn 




32 


CH S 




Td 




Ph 


2 


LI 








33 


C10H21 




Dx2 




Ph 


2 


LI 




CH.S 


SO 


34 


c«n„ 




Boa2 




Ph 


2 


LI 








35 


C 7 H,s 




Bob2 




Ph 


2 


LI 




an,, 
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Table 1 (Continued) 



c 
O 


No. 


R, 


A, 


A, 


X, 


A3 


P 


L 


A< 


R, 
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CJU> 
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Bta2 


_ 


Ph 


2 


LI 




cn„ 




37 


cn„ 




Btb2 


_ 


Ph 


2 


LI 




C14R29 


10 


38 


CsHu 


_ 


Np 


coo- 


Ph 


2 


LI 




C7H1S 




39 


CJlu'CFHCHjO 


_ 


Epl 




Ph 


2 


LI 




CjcHj 1 




40 


CH, 


_ 


Ep2 




Ph 


2 


LI 




C«H l3 




41 


CH„ 


_ 


Cpl 




Ph 


2 


LI 




Ci 2 n 2 s 


15 


42 






Cp2 




Ph 


2 


LI 




C«H I3 
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Cm I 




Ph 


2 


LI 
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Ph 


2 


LI 








45 
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Idl 
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Ph 


2 
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C,H, 


20 


46 


Ci|Hn 
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Ph 


2 


LI 
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47 
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Ph 
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LI 
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48 


CH„ 




Idl 




Ph2F 
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LI 




CsH l3 




49 


CH„ 
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Ph 


2 


LI 




CjHis 
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2 
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Ph 


2 


LI 








53 


CH^CHCCH,)/) 




Ep2 




Ph 


2 


LI 






30 


54 


CsHu 




Cp2 




Ph 


2 


LI 




CsBn 




55 


CsH.,0 | 




Np 




Ph 


2 


LI 








56 


CH,, 


Ph 


Ph 




Ph 


2 


LI 




CJI, 


35 


57 


F 


Pr2 


Ph 




Ph 


2 


LI 




kHi3 


58 


CH, 


Py2 


Ph 




Ph 


2 


LI 




(\R 17 










Ha2 




Ph 


2 


LI 




^llBlJ 




60 


CH„ 


Ph 


Pr2 


_ 


Ph 


2 


LI 




C«H l3 


40 


61 


CH„ 


Ph 


Prl 




Ph 


2 


LI 




CsHu 


62 


CijHit 


Ph 


Cy 




Ph3Br 


2 


LI 




C7H1S 




63 


C10H21O 


Ph 


Pyl 




Ph 


2 


LI 




CH„ 




64 


C?His 


Ph 


Py2 




Ph 


2 


LI 




CioHn 


45 

c 


65 


CH, 


Ph3TF 


Pa 




Ph 


2 


LI 




(CHOjCHCCH,), 


at 


>H 




Hb2 




Ph 


2 


LI 




CH„ 




67 


CH„ 


Ph 


Tn 




Ph 


2 


LI 




CH„ 




68 


CHs 


Ph 


Tzl 




Ph2tf 


2 


LI 




Cfl, 


50 


69 


CH„ 


Ph 


Tz2 




Ph 


2 


LI 




CH„ 
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Ph 


Td 




Ph 


2 


LI 




CHis 
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Table 1 (Continued) 
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A 

Aj 


v 
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A 
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1 
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A 


D 
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C )a H?i 




Ph 




Pyl 


2 


LI 




C«H,3 


72 






Ph 




Pyl 


2 


LI 






73 


CsHuOCO 




Ph 




Pyl 


2 


LI 




C$H U 


74 


CiHis 








Pr2 


2 


LI 




CioHji 


75 


CH„ 




Ph 




Pr2 


2 


LI 




C.H.7 


76 


C3H1 




Ph 




Pr2 


2 


LI 




CsHn 


77 


C s H„0 








Cy 


2 


LI 




C 4 H, 


78 






Ph 


-CH,0- 


Cy 


2 


LI 




CtHu 


79 


C12H2S 




Ph 




Cy 


2 


LI 




CH, 


80 


CJIuC=C 




Ph 




Pa 


2 


LI 




CsH„ 


81 






Ph 




Pd 


2 


LI 




CsHn 


82 


CJIt 


— 


Ph2Cl 


— 


Tn 


2 


LI 




CioHn 


83 


C4H9 




Ph 




Tn 


2 


LI 




CiHis 


84 






Ph 




Tzl 


2 


LI 




C12H2S 


85 


GAOCHCCHJCOO 




Ph 




Tzl 


2 


LI 




CsHu 


86 


Ceflu 


— 


Ph2F 


— 


Td 


2 


LI 




(CH 3 ),CH(CH3)C t H ll 


87 


CsHn 


— 


— 




Np 


2 


LI 




CsHn 


88 


CsHijOCI^CHi 




Ph 




Np 


2 


LI 






89 


CuHn 


— 


Ph 


— 


Np 


2 


LI 






90 


CH„ 




— 


— 


Epl 


2 


LI 





C 4 H 9 


91 


CH, 


— 


Ph 




Epl 


2 


LI 





CiHis 


92 


CH„ 




Ph 




Epl 


2 


LI 




CH„ 


93 


CH„0 




~ 




Gpl 


2 


LI 




CsHn 


94 


CtHu 




Ph 


— 


Cpl 


2 


LI 




CioHzi 


95 


CHXOO 




Ph 




Gpl 


2 


u. 





CuHn 1 


96 


CH, 




Ph 




Idl 


2 


LI 






97 


CuHjj 




Ph 




lol 


2 


LI 




CH 13 


98 


C10H71 




Ph 




Cml 


2 


LI 




CjHn 


99 


CH 13 




Ph 




Ph 


2 


LI 




(CH,),CF, 


100 


CH, 


Ph 


Ph 




Pyl 


2 


LI 




CiHis 


101 


CH, 


Ph2CN 


Ph 




Prl 


2 


LI 




CH, 


102 


CjHn 


Ph 


Ph3F 




Tzl 


2 


LI 




CH, 


103 


CN 


Ph 


Ph 




Tn 


2 


LI 




CH, 


104 


CH„ 


Tn 


Ph 




Pyl 


2 


LI 




C.ll„ 


105 


CioHji 


1 Ph 


Ph" 




Cy 


2 


LI 




CH,, 
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No. 


R. 


A, 


A, 


X, 


A, 


P 


L 


A, 




106 


cn„ 


_ 






Ph 


8 


LI 


_ 


C.H., 


107 


CH„0 




_ 


_ 


Ph 


12 


LI 


_ 


Clin 


108 


CsH.,0 


_ 


_ 


_ 


Ph2F 


4 


LI 


_ 


C»H|j 


109 


cmo 




Ph 


_ 


Ph 


3 


LI 


_ 


CtHn 


110 


CJWCHFCCfUiO 




Ph 


_ 


Ph 


4 


LI 


_ 


en,, 


111 


CH, s 0 


_ 


Ph 




Ph23F 


6 


LI 


_ 


£11.3 


112 


C.H., 


_ 


Ph 


-OCH,- 


Ph 


11 


LI 


_ 


C,H„ 


113 


C.FnCH.O 




Pii 


-CsC- 


Ph 


4 


LI 


_ 


CsHjj 


114 


Cfl„0 




Ph 


-coo- 


Ph 


6 


LI 


_ 


CH l3 


115 


C$Hn 


__ 


Prl 




Ph 


5 


LI 


_ 


C.fl„ 


116 


C10H21 


_ 


Pr2 


_ 


Ph 


4 


LI 




C«H, 


117 




_ 


Pr2 


_ 


Ph 


8 


LI 




CH,, 


118 







Pr2 


-coo- 


Ph 


10 


LI 


_ 




119 


C«fl,0 


__ 


Pyl 




Ph 


9 


LI 


_ 




120 




_ 


Py2 




Ph 


7 


LI 




C5II11 


121 


CH.,0 


_ 


Py2 





Ph 


3 


LI 


_ 


Cjii7 


122 


CtHu'CHFCHjCHj 





Py2 





Ph 


4 


LI 


_ 


C9H19 


123 


CsH.,0 


_ 


Py2 


_ 


Ph23F 


4 


LI 




C,H, 


( 124 







Py2 


_ 


Ph 


6 


LI 




Ceflu 




CftHu 


_ 


Py2 


_ 


Ph3F 


7 


LI 


_ 




126 







Py2 




Ph 


4 


LI 




CHiOCgHo 


127 


CioH?i 


_ 


Py2 





Ph 


8 


LI 




CH,, 


128 


C10H21 


_ 


Py2 


_ 


Ph 


5 


LI 




CHu 


129 


CH, 




Cy 


-coo- 


Ph 


6 


LI 




CH,, 


130 


C5H11 


_ 


Pa 




Ph 


4 


LI 


_ 


CsHit 


131 






Pd 




Ph 


7 


LI 




CtHu 


132 


CsH l3 




Dt2 




Ph 


9 


LI 




(CH.XCH^CH, 


133 


CJlij 




Tn 




Ph 


4 


LI 




CH„ 


134 


CJ!,, 




Tzl 




Ph 


8 


LI 




C.H„ 


135 


Cll„0 




Tz2 




Ph 


9 


LI 




CJ1„ 


136 


C1H4 




i Td 




Ph 


8 


LI 






137 


CI0H21 




Dx2 




Ph 


5 


LI 




CjHis 


138 


cn,, 




Boa2 




Ph 


4 


LI 






139 


C1I, 5 




Bob2 




Ph 


6 


LI 




CH„ 



55 
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Table 1 (Continued) 



No. 


Ri 


Ai 


Aj 




A 3 


P 


L 


A4 




140 


C.IlnO 


- 


Bta2 


- 


Ph 


4 


LI 


- 


CH,, 


141 


CH„ 


- 


Btb2 


- 


Ph 


6 


LI 


- 


Cull* 


142 


CsH,, 


- 


Np 


-COO- 


Ph 


4 


LI 


- 


C7H1S 


143 


CJU l7 'CPHCH,0 


- 


Epl 


- 


Ph 


6 


LI 


- 


CioHn 


144 


an, 


- 


Ep2 


- 


Ph 


8 


LI 


- 




145 




- 


Cpl 


- 


Ph 


12 


LI 


- 


c„n n 


146 


C7HIS 


- 


Gp2 


- 


Ph 


7 


LI 


- 




147 


CeHn 


- 


Cm I 


- 


Ph 


4 


LI 


- 


C*H„ 


148 


CsH 17 


- 


lol 


- 


Ph 


8 


LI 


- 




149 


C»ILi 


- 


Idl 


-coo- 


Ph 


4 


LI 


- 




150 


CuH 2 j 


- 


Idl 


- 


Ph 


9 


LI 


- 




151 


Cell 17 


- 


ldl 


- 


Ph 


10 


LI 


- 


CJ!,; 


152 


CsHu 


- 


Idl 


— 


Ph2F 


3 


LI 


- 


C.H.3 


153 


CH (J 


- 


Tn 


- 


Ph 


4 


LI 


- 


GH 1S 


154 


OH,0 


- 


Tz2 


- 


Ph 


6 


LI 


- 


CH„ 


155 




- 


Btb2 


- 


Ph 


8 


LI 


- 


CJ1.3 


156 


CH.,0 


- 


Btb2 


- 


Ph 


7 


LI 


- 


CH 1S 


157 


CH^HCCH^jO 


- 


Ep2 


- 


Ph 


5 


LI 


- 


CH 1S 


158 


OB„ 


- 


Cp2 


- 


Ph 


4 


LI 




CSn 


159 


OH„0 


- 


Np 


- 


Ph 


4 


LI 


- 


CioHji 


160 


OH„ 


Ph 


Ph 


- 


Ph 


6 


LI 


- 


OH, 


161 


F 


Pr2 


Ph 


- 


Ph 


8 


LI 


- 


cn l3 


162 


OH, 


Py2 


Ph 


- 


Ph 


9 


LI 


- 


cja„ 


163 


CsH,, 


- 




- 


Ph 


14 


LI 


- 


CiiHn 


164 


CB,, 


Ph 


Pr2 


- 


Ph 


3 


LI 


- 




165 


ae„ 


Ph 


Prl 




Ph 


4 


LI 




an,, 


166 




Ph 


Cy 




Ph3Br 


6 


LI 




CjH,s 


167 


G&.0 


Ph 


Pyl 




Ph 


4 


LI 






168 


CtH!S 


Ph 


Py2 




Ph 


6 


LI 






169 


C«H, 


Ph3TF 






Ph 


6 


LI 




(CIWjGIKCIIO, 


170 


H 




^h2- 




Ph 


8 


LI 






171 


OH„ 


Ph 


Tn 




Ph 


10 


LI 




CjHu 


172 


cm 


Ph 


Tzl 




Ph2M 


11 


LI 




an, 


173 


an,, 


Ph 


Tz2 




Ph 


4 


LI 




an,. 


174 


CioHn 


Ph 


Td 




Ph 


4 


LI 




C7HU 
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5 


NO. 


Ki 


A, 


A, 


X, 


Aj 


p 


L 


A, 






175 


CioHn 




Ph 


— 


Pyl 


4 


LI 




C*H,3 




I76 


C«Hii 




Ph 




Pyl 


5 


LI 


— 


CH,, 




177 


C,H„0C0 


— 


Ph 


— 


Pyl 


6 


LI 




CsHn 


10 


1 78 


CjHis 


— 


_ 


- 


Pr2 


18 


LI 


- 


C10H21 




179 




— 


Ph 


— 


Pr2 


4 


LI 


— 


C,H„ 




180 


OH, 




Ph 


— 


Pr2 


8 


LI 


— 


Cll„ 




181 


C s H„0 


- 


- 


- 


Cy 


20 


LI 




C,H, 


15 


182 


C,H, 


— 


Ph 


-CH 2 0- 


Cy 


4 


LI 








183 


CuHis 


— 


Ph 


— 


Cy 


6 


LI 




Call, 




184 




— 


Ph 


— 


Pa 


5 


LI 


- 


CsH l3 


20 


185 


CH.,0 


- 


Ph 


- 


Pd 


7 


LI 


- 


CsHn 


186 


CJI, 


— 


Ph2Cl 


— 


Tn 


13 


LI 




C10H21 




187 


C«H 9 


— 


Ph 


— 


Tn 


4 


LI 


- 






188 


CsHu 


— 


Ph 


— 


Tzl 


6 


LI 


- 


CuH 2 i 


25 


189 


C«H,0Cn(CH 3 )C0C 


- 


Ph 


— 


Tzl 


4 


LI 


- 


CsHn 


190 




- 


Ph2F 


- 


Td 


4 


LI 




(at),CH(CH,)C,H„ 




191 


CsH,, 


- 


- 


— 


Np 


6 


LI 


- 


C9H19 




192 


CsHitOCHjCHj 


- 


Ph 


- 


Np 


6 


LI 




CsH„ 


30 


193 




- 


Ph 


- 


Np 


8 


LI 


- 


CiH„ 




194 


C5H11 


- 


- 


— 


Epl 


8 


LI 


- 


CH, 




195 


Cfl 3 


— 


Ph 


— 


Epl 


9 


LI 


- 


C7H1J 




196 




- 


Ph 


— 


Epl 


10 


LI 


- 


C»Hu 


35 


197 


CH„0 


— 


- 


— 


Cpl 


4 


LI 


- 


C.H„ 




198 


CaHi? 




Ph 


— 


Cpl 


5 


LI 


- 


C10K2I 




199 


CJi,COO 


— 


Ph 


— 


Cpl 


7 


LI 




C„H„ 




200 


C4H9 


— 


Ph 


— 


Idl 


12 


LI 


— 


CiHn 


40 


201 


C|jH« 




Ph 




lol 


4 


LI 




CiHu 




202 


C10H21 




Ph 




Cml 


4 


LI 




CjHh 




203 


CH„ 




Ph 




Ph 


6 


LI 




(CHj) 4 CiF» - 


45 


204 


dH, 


Ph 


Ph 




Pyl 


8 


LI 




CH* 


205 


CiHs 


Ph2CN 


Ph 




Prl 


•7 


LI 




C,H, 




206 


CjHn 


Ph 


Ph3F 




Tzl 


4 


LI 




C,H, 




207 


CN 


Ph 


Ph 




Tn 


6 


LI 




CH, 


50 


208 


cn 14 


Tn 


Ph 




Pyl 


4 


LI 




Cll„ 




209 


CicHh 


Ph 


Ph 




Cy 


4 


LI 







55 
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5 


No. 




A, 




X, 


A 3 


p 


L 


A« 






211 


cn,, 








Ph 


C 




Ph 


n 
11 




212 


CJ1„0 








Ph 


ft 
O 


L? 


Ph 


OPfL 




213 


CjH.,0 








Ph2F 


9 

Lt 


1 1 

lv 1 


Ph?F 




10 


214 


CHjO 




Ph 




Ph 


A 

H 


LrCt 


Ph 
in 


H 
11 




215 


CHuCHFCCH,)^ 




Ph 




Ph 


9 

Lt 


LI 


Ph 


P*R , 




216 


C,H, 5 0 




Ph 




Ph23F 


Lt 


1 1 

L»l 


Ph 




15 


217 






Ph 


-OTH.- 


Ph 


A 


[ 1 

L» 1 


Ph 


H 

n 


218 


CF»jCH 2 0 




Ph 


-C=C- 


Ph 


9 

Lt 


LI 


Ph 
111 


PcH; 




219 






Ph 


-POO- 


Ph 

III 


7 
f 


f 9 

L£ 


Prl 
ill 


n 
n 




220 






Prl 




Ph 
1 11 


7 
I 


I 9 


Ph 


OPH, i 


20 


221 






Pr9 




Ph 


0 

L 


1 1 

Li 


Ph 

rn 


U 
U 


222 






Pr9 

ILL 




Ph 


A 

*t 


I 1 

L, 1 


Ph 
rn 


P W 
L*Du 




223 






Pr9 


-POO- 


Ph 
ni 


Q 
0 


T 9 


Ph 

rn 


OP R 




224 


C4H9O 




Pvl 
ry i 




Ph 


9 


f 1 
LI 


Pv 

w 


a 
n 


25 


225 






Pv9 




Ph 


0 
6 


I 1 
LI 


Ph 

rn 


P H 




226 






Pv9 




Ph 
ill 


C 
D 


1 9 

L£ 


Ph 
rn 


P H 




927 

Ltd 1 


CH^'PHRPfLO 




Pv9 

ryz 




Ph 

rn 


A 

4 


f 9 
LZ 


Ph 
rn 


D 

n 




228 


C*H,,0 




Pv9 




Ph?^R 
rii£or 


9 
L 


1 1 

LI 


Ph 
rn 


P TT 


30 


229 






Pv9 




Ph 
rn 


O 
L 


1 1 
LI 


Ph 

rn 


u 
U 




230 


C*H.t 




Pv9 
ry^ 




r nor 


O 
L 


I 1 
LI 


Ph 

rn 


P H 

UUl3 




LtO 1 


CJL, 




Pv 

Ly 




Ph 

rn 


A 

4 


1 9 
LZ 


Ph 

rn 


c n or* n 




232 


r\R l7 0C0 




lj 




Ph 
rn 


0 


I 1 
LI 


PH 

ra 


W 


oo 


233 






Pv 

Ly 




Ph 

rn 


c 


LI 


Ph 

rn 






234 






Pv 


-POO- 


Ph 

rn 


9 


1 1 
LI 


Tt9 


H 
n 




CjOxJ 






Pa 




Ph 

rn 


D 


I 9 
LZ 


Ph 

rn 


Win 




236 






Pd 




Ph 


2 


LI 


Ph 


OCH3 


40 


237 


CB,, 




Dt2 




Ph 


6 


L2 


Ph 


(CHO.CH^CH, 




238 


C*H„ 




Tn 




Ph 


2 


LI 


Ph 


H 




239 


CsH„ 




Tzl 




Ph 


2 


LI 


Ph 


II 




240 


c.H H 'CHFcn,CH, 




Py2 




Ph 


4 


LI 


Pyl 


H 


45 


241 


CH„0 




Tz2 




Ph 


2 


LI 


Ph 


CtiHu 




242 


cm 




Td 




Ph 


2 


L2 


Ph 


U 




243 


CioIIn 




Dx2 




Ph 


4 


L2 


Ph 


CtHis 


50 


244 






Boa2 




Ph 


2 


LI 


Ph 


H 


245 


C7H15 




Bob2 




Ph 


2 


LI 


Ph 


OCH3 



55 
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No. 


R> 


A, 


A, 




A, 


P 


L 


A, 




246 




- 


Bta2 


- 


Ph 


2 


LI 


Ph 


II 


247 


CH„ 


- 


Btb2 


- 


Ph 


4 


L2 


Tn 


C.H„ 


248 


CjHu 


- 


Np 


-coo- 


Ph 


2 


LI 


Ph 


H 


249 


CJ1 1 , , C(CF J )HCH 1 0 


- 


Epl 


- 


Ph 


2 


LI 


Ph 


H 


250 


C.H, 


- 


Ep2 


- 


Ph 


2 


LI 


Ph 


cn„ 


251 


cn,, 


- 


Gpl 


- 


Ph 


6 


L2 


Ph 


OCH, 


252 




- 


G P 2 


- 


Ph 


2 


LI 


Ph 


H 


253 




- 


On I 


- 


Ph 


10 


L2 


Ph 


CH„ I 


254 




- 


Iol 


- 


Ph 


4 


LI 


Ph 


H 


255 


C20H41 


- 


Idl 


-coo- 


Ph 


2 


LI 


Ph 


cn, 


256 


CnHu i 


_ 


ldl 




Ph 


4 


L2 


Ph 


H 


257 




_ 


Idl 


- 


Ph 


2 


LI 


Ph 


H 


258 




_ 


Idl 


- 


Ph2F 


2 


LI 


Ph 


CH„ 


259 


CA, 




Tn 


- 


Ph 


8 


L2 


Ph 




260 


c<h,o 


- 


Tz2 


- 


Ph 


2 


LI 


Ph 


CH„ 


261 


C12H2S 


_ 


Btb2 


- 


Ph 


9 


LI 


Ph 


H 


262 


CH.,0 


- 


Btb2 


— 


Ph 


2 


LL 


Ph 


CHu 


263 


CH,=CH(CH,) s O 


- 


Ep2 


- 


Ph 


7 


L2 


Ph 


R 


264 


CB„ 


_ 


Gp2 


- 


Ph 


2 


LI 


Ph 


OCH, 


265 


CH„0 


- 


Np 




Ph 


2 


LI 


Np 


C10H2I 


266 


CH„ 


, Ph 


Ph 


- 


Ph 


2 


LI 


Ph 


CH, 


267 


F 


Pr2 


Ph 


- 


Ph 


2 


LI 


Ph 


H 


268 


CH, 


Py2 


! P h 


- 


Ph 


7 


LI 


Ph 


H 


269 


CH„ 






- 


Ph 


7 


L2 


Ph 


CiHij 


270 


CH,, 


Ph 


~Tr2 


- 


Ph 


4 


L2 


Ph 


H ! 


271 


C,Hn 


Ph 


Prl 




Ph 


2 


LI 


Ph 


CH„ 


272 


CijHi? 


Ph 


Cy 




Ph3Br 


2 


LI 


Ph 


CHu 


273 


Ci«H 2 iO 


Ph 


Pyl 




Ph 


2 


LI 


Ph 


H 


274 


CjHu 


Ph 


Py2 




Ph 


2 


LI 


Ph 


C10H21 


275 


CB, 


Ph3TF 


Pa 




Ph 


6 


L2 


Ph 


CH„ 


276 


H 




"Hbr 




Ph 


2 


LI 


Ph 


H 


277 


CsHu 


Ph 


Ht^ 




Ph 


4 


LI 


Ph3F 


CH„ 


278 


CjHs 


Ph 


Tzl 




Ph2K 


2 


LI 


Ph 


H 


279 


CH,, 


Ph 


Tz2 




Ph 


8 


L2 


Ph 


n 


280 


C10H21 


Ph 


Td 




Ph 


2 


LU1 


Ph 


CH„ 



23 
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5 


No. 


R, 


A, 


A, 


X. 




P 


L 


A, 


R» 




281 


c.n„ 


- 


Ph 


- 


Pyl 


2 


LI 


Ph 


l( 




282 


cn„ 


- 


Ph 


- 


Pyl 


3 


L2 


Ph 


CH,, 




283 


CHijOCO 


- 


Ph 


- 


Pyl 


2 


LI 


Ph 


H 


10 


284 


CjHis 


- 


* 


- 


Pr2 


2 


LI 


Ph 


CH„ 




285 


cn„ 


- 


Ph 


- 


Pr2 


6 


L2 


Ph 


II i 




286 


CH, 


- 


Ph 


- 


Pr2 


2 


LI 


Ph 


OCII, j 




287 


CH„0 


- 


- 


- 


Cy 


6 


LI 


Epl 


H 


15 


288 


CH, 


- 


Ph 


-CH,0- 


Cy 


2 


LI 


Ph 


C|H|j 




289 


CuHis 


- 


Ph 


- 


Cy 


4 


L2 


Ph 


II 




290 


CH, 3 C = C 


- 


Ph 


- 


Pa 


2 


LI 


Ph 


II 




291 


CH.,0 


- 


Ph 


- 


Pd 


8 


L2 


Ph 


CsH,, 


20 


292 


CH, 


- 


Ph2Cl 


- 


Tn 


2 


LI 


Ph 


H 




293 


C»Hj 




Ph 


- 


Tn 


2 


LI 


Ph 


H 




294 


CHt, 


- 


Ph 


- 


Tzl 


2 


LI 


Ph 


H 




295 


CAOCHCCIDCOO 


- 


Ph 


- 


T2I 


6 


LI 


Ph 


CH,, 


25 


296 


CH, 3 


- 


Ph2F 


- 


Td 


2 


LI 


Ph 


CH 13 




297 


CsBij 


- 


- 


- 


Np 


2 


LI 


Gpl 


H 




298 


CJIitOCHjCHj 


- 


Ph 


- 


Np 


5 


L2 


Ph 


CH,, 




299 




- 


Ph 


- 


Np 


2 


LI 


Ph 


CH,, 


30 


300 


CH„ 


- 


- 


- 


Epl 


2 


LI \ 


Ph 


OC4H9 




301 


CH 3 


- 


Ph 


- 


Epl 


7 


L2 


Ph 


CH, S 




302 


CH I3 


- 


Ph 


- 


Epl 


2 


LI 


Ph 


H 


35 


303 


CH„0 


- 


- 


- 


Gpl 


2 


LI 


Ph 
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L2 
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- 
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Ph 
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- 
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494 


Lc2 (1, l)OCO 




Ph 




Ph 


5 


LI 
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Ph 
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According to the present invention, there is also provided compounds represented by the following 
general formula (II) as compounds relating to the compounds represented by general formula (I): 

45 CH 2 = CH-(CH 2 V-L'-Rz (II) 

where p' is an integer from 0 to 18, L' is optically active 4-butanolyde-2,4-diyl and R2 is R2 is F, CN or 
straight chain, branched or cyclic alkyl group (one or more -CH 2 - in the alkyl group may be replaced by -O- 
, -S-, -CO-, -CH (CN)-, -CH = CH- or -C ■ C- under condition that hetero atoms do not position adjacent ) 
50 which has 3 to 30 carbon atoms and which can be substituted. 

In the optically active compound represented by general formula (II), it is preferable that p* is an integer 
from 0 to 10, and more preferably an integer from 0 to 4, and most preferably an integer 0, 2 or 4. 

V is preferably 4-butanolyde-2,4-diyl and R2 is preferably a straight chain alkyl group having 4 to 10 
carbon atoms. 

55 In the viewpoints of easily performing the preparing process and obtaining stability, it is preferable that 

L' in the compound represented by general formula (II) is 4-butanolyde-2,4-diyl and R 2 is a straight chain 
hexyl group. 
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The optically active compound represented by general formula (II) is advantageous to serve as an 
intermediate material for preparing the optically active compound represented by general formula (I) in a 
case where L* is 4-butanolyde-2,4-diyl and as well as R2 is -C6H13-. Furthermore, it is an effective 
compound to serve as an intermediate material for preparing a functional material and any of a variety of 
5 optically active materials (refer to the foregoing preparing methods B to D). 

Schematic constitutional formula of the optically active compound represented by general formula (II) is 
shown in Table 2. 

CH 2 = CH 2 (CH 2 )p.-L'-R 2 (II) 
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Table 2 (2/5) 



5 



10 



20 



No . 


P* 


L 


R2 


531 


0 


LI 


C3H7 


532 


1 


LI 


C3H7 


533 


2 


LI 


C3H7 


534 


3 


LI 


C3H7 


535 


4 


LI 


C3H7 


536 


5 


LI 


C3H7 


537 


6 


LI 


C3H7 


538 


7 


LI 


C3H7 


539 


8 


LI 


C3H7 


540 


9 


LI 


C3H7 


541 


10 


LI 


C3H7 


542 


0 


L2 


C3H7 


543 


1 


L2 


C3H7 


544 


2 


L2 


C3H7 


545 


3 


L2 


C3H7 


546 


4 


L2 


C3H7 


547 


5 


L2 


C3H7 


548 


6 


L2 


C3H7 



25 



30 



35 



40 



45 



50 



55 



32 

BNSDOCID: <EP 0666262A1_I_> 



EP 0 666 262 A1 



Table 2 (3/5) 
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Table 2 (4/5) 
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Table 2 (5/5) 
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The liquid crystal composition according to the present invention can be prepared by mixing one or 
more optically active compounds represented by general formula (I), preferably (P), and one or more other 
45 liquid crystal compounds (mesomorphic compounds) at an adequate ratio. The number of the other liquid 
crystal compounds to be used together is 1 to 50, preferably 1 to 30, and most preferably 3 to 30. 

The "mesomorphic compound" according to the present invention is required to be liquid crystal or 
serve as a preferred component of a liquid crystal composition in the composition. 

It is preferable that the liquid crystal composition according to the present invention be a chiral smectic 
so liquid crystal composition, and in particular, be a ferroelectric chiral smectic liquid crystal composition. 

The "other liquid crystal compound" according to the present invention may be any of the following 
materials disclosed in Japanese Patent Laid-Open No. 4-272989: compounds (III) to (XII), preferably (Ilia) to 
(Xlld), and more preferably (lllaa) to (Xlldb). Furthermore, any of the following compounds may be 
employed: compounds (III) to (VI), preferably (Ilia) to (Vlf) and more preferably (lllaa) to (Vlfa), in which R'i 
55 and/or R*2 is -(CH2)eC g F 2G +i (where E is an integer from 0 to 10 and G is an integer from 1 to 15), a 
compound (VII) or (VIM), preferably (Vila) to (Vlllb) and more preferably (Vlllba) or (Vlllbb) in which R' 3 
and/or H\ is the same, and a compound (IX) to (XII), preferably (IXa) to (Xlld) and more preferably (IXba) or 
(Xlldb) in which R's and/or R» 6 is the same. Moreover, the following liquid crystal compound represented by 
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the following general formulas (XIII) to (XVIII) may be used: 
RV OOs -[Py2]-X' 7 -[Ph]-X' 8 -([PhY* 7 ]) N -[Tn]-R' 8 (XIII) 
5 R , 7-X , 6 -[Py2]-[Ph]-OCO-[Ph4F] (XIV) 
RV -X' 6 -[Py 2]-[Ph]-OCO-[Ph34F] (XV) 

RV -([Ph YV ]) Q -[Tz1 h[Ph Y' 8 ]-XV -<[Ph Y' 9 ]) R -([Cy]h-X' 9 -R' 8 (XVI) 

w 

RV -[Bo2]-AV -X' 9 -R's (XVII) 

R , 7 -[Bt2]-A , 4-X , 9 -R' 8 (XVIII) 

75 where RV and R' 8 are straight or branched alkyl groups having 1 to 18 hydrogen atoms or carbon atoms, 
wherein one or two or more -CH 2 - groups, which are not positioned adjacent may, except the -Cl-fe- groups 
which are directly bonded to X' 6 and X'a, be replaced by -0-, -CO-, -OCO-, -COO-, -CH (CN)- or -C (CN) 
<CH 3 ). 

It is preferable that RV and R's be (i) to (viii). 
20 (i) A straight chain alkyl group having 1 to 15 carbon atoms, 
(ii) 

CH 3 
I 

25 - (CH T ) p CHC q H 2q ,, 

where p is an integer from 0 to 5 and q is an integer from 2 to 1 1 , and which may be optically active, 
(iii) 



30 
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I 

(CH 2 ) r CH (CH 2 ) B 0C,H 2 h, 



where r is an integer from 0 to 6, s is an integer 0 or 1 and t is an integer from 1 to 14, and which may 

be optically active. 

(iv) 



CH 3 

CHCOOCH2.M 



where w is an integer from 1 to 1 5, and which may be optically active, 
(v) 



CN 
I 

- (CH 2 ) a C HCbH2b« 1 



where A is an int ger from 0 to 2 and B is an integer from 1 to 15, and which may be optically active. 
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(vi) 

CN 

s I 

~~ (C H 2 ) c CHCjHjo, i 
I 

CH 5 

io where C is an integer from 0 to 2 and D is an integer from 1 to 1 5, and which may be optically active, 
(vii) 

-(CH 2 ) E C G^2G+1 

where E is an integer from 0 to 10 and G is an integer from 1 to 15. 
(viii) -H 

75 wherein N, Q, R and T respective are integer 0 or 1, YV, Y' 8 and Y* 9 respective are H or F, AV is Ph or 
Np, X' 5 and X 9 respectively are single bonds, -COO-, -OCO- or -O-, XV and X* 8 are single bonds, 
-COO, -OCO-, -CH 2 0- or -OCH 2 -. 
As a preferred compound of (XIII), the following compound (Xllla) is exemplified: 

20 R , 7-X' 5 -[Py2HPh]-OCO-[Tn]-R , 8 (Xllla) 

As a preferred compound of (XVI), the following compounds (XVIa) and (XVIb) are exemplified: 

R' 7 -[Tz1 HPhhX'g -R's (XVIa) 

25 

RV-fPhYV ]-[Tz1 HPhY'a ]-X' 9 -R's (XVIb) 

As a preferred compound of (XVII), the following compounds (XVIIa) and (XVIIb) are exemplified: 
30 R , 7-[Boa2]-[Ph]-0-R , 8 (XVIIa) 
R , 7-[Boa2]-[Np]-0-R , 8 (XVIIb) 

As a preferred compound of (XVIII), the following compounds (XVIIIa) and (XVIMc) are exemplified: 

35 

R f 7-[Btb2HPh]-R' 8 (XVIIIa) 

R'7-[Btb2HPh]-0-R'8 (XVIIIb) 

40 RV-IB^HNPhO-R's (XVIMc) 

As preferred compounds of (XVIa) and (XVIb), the following compounds (XVIaa) to (XVIbc) are 
exemplified: 

45 R , 7 -[T2l]-[Ph>0-R , 8 (XVIaa) 

R' 7 -[PhHTzl HPh]-R' 8 (XVIba) 

R' 7 -[Phh[Tz1 h[Ph]-0-R f 8 P<Vlbb) 

50 

RV -[Phh[Tz1 HPhJ-OCO-R's (XVIbc) 

wherein abbreviated forms Ph, Py2, Tn, Tz1, Cy, Boa2 and Btb2 are defined similarly to the foregoing 
definitions and other abbreviated forms represent the following groups: 

55 



37 



BNSDOCID: <EP 0666262A1_I_> 



EP 0 666 262 A1 



5 



70 




In a case where the optically active compound according to the present invention and one or more 

20 kinds of the foregoing liquid crystal compounds or the liquid crystal compositions are mixed, it is preferable 
that the ratio of the optically active compound according to the present invention in the liquid crystal 
composition obtained by mixing be 1 wt% to 80 wt%. To put into practice the chiral smectic liquid crystal 
device, in particular, the ferroelectric liquid crystal device, a multiplicity of conditions, such as the liquid 
crystal characteristic, high speed response, high contrast and uniform switching, must be met in a wide 

25 temperature range. However, any single compound cannot satisfy all of the foregoing conditions. Therefore, 
multiple kinds of compounds respectively having individual advantage are usually used to prepare the liquid 
crystal composition. From the foregoing viewpoint, it is preferable that the ratio of the optically active 
compound according to the present invention in the liquid crystal composition be 1 wt% to 60 wt%. To 
cause the characteristics of the other liquid crystal compounds to be exhibited, it is preferable that the ratio 

30 be 1 wt% to 40 wt%. If the ratio is lower than 1 wt%, the effect of the compound according to the present 
invention is unsatisfactory. 

It is preferable that two or more kinds of the optically active compounds according to the present 
invention be used. In this case, the ratio of the mixture of the two or more kinds of the optically active 
compounds according to the present invention in the liquid crystal composition prepared by mixing is 1 

35 wt% to 80 wt%. In the viewpoint of preparing the liquid crystal composition composed of multiple kinds of 
compounds, it is preferable that the ratio be 1 wt% to 60 wt%, and more preferably 1 wt% to 40 wt% to 
cause the characteristics of the other liquid crystal compounds to exhibit. 

It is preferable that the chiral smectic phase liquid crystal layer, in particular, the liquid crystal layer of 
the liquid crystal device according to the present invention be subjected to the processes such that the 

40 liquid crystal composition prepared as described above is, in a vacuum state, heated to an isotropic liquid 
temperature; it is enclosed in a cell for the device; it is gradually cooled to form the liquid crystal layer; and 
then the temperature is returned to room temperature. 

Fig. 1 is schematic cross sectional view which illustrates an example of the liquid crystal device having 
the chiral smectic phase liquid crystal layer, in particular, a ferroelectric liquid crystal liquid crystal layer 

45 according to the present invention to describe the structure of the liquid crystal device. Referring to Fig. 1, 
reference numeral 1 represents a liquid crystal layer, 2 represents a glass substrate, 3 represents a 
transparent electrode, 4 represents an insulating orientation control layer, 5 represents a spacer, 6 
represents a lead wire, 7 represents a power source, 8 represents a polarizing plate and 9 represents a light 
source. 

so The two glass plates 2 are coated with the transparent electrodes 3 made of thin films of In2 03, SnCfe 
or ITO (Indium Tin Oxide). Then, polymer thin films, such as polyimide, are rubbed with gauze or acetate 
filling cloth or the like so that the insulating orientation control layer 4 is formed to orient the liquid crystal in 
the rubbing direction. 

The insulating orientation control layer 4 may be composed of two layers consisting of: an inorganic 
55 insulating layer, the insulating material of which is any of the following materials: a silicon nitride, a silicon 
carbide containing hydrogen, a silicon oxide, a boron nitride, a boron nitride containing hydrogen, a cerium 
oxide, an aluminum oxide, a zirconium oxide, a titanium oxide and magnesium fluoride; and a orientation 
control layer made of an organic insulating material, such as polyvinyl alcohol, polyimide, polyamideimide, 

38 

BNSDOCID: <EP_0666262A1_I_> 



EP 0 666 262 A1 



polyester imide, polyparaxylene, polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, polyvinyl 
acetate, polyamide, polystyrene, cellulose resin, melamine resin, urea resin, aery I resin or photoresist resin. 
As an alternative to this, the insulating orientation control layer 4 may be formed solely by an insulating 
orientation control layer mainly composed of inorganic substances or an insulating orientation control layer 

5 mainly composed of organic substances. If the insulating orientation control layer is mainly made of 
inorganic substances, it can be formed by an evaporating method. If it is mainly made of organic 
substances, the insulating orientation control layer can be formed by using a solution in which the organic 
insulating substances are dissolved or a solution of the precursor of the organic insulating substances (in a 
quantity of 0.1 wt% to 20 wt% of the solvent) and by hardening the material under a predetermined 

io hardening condition (for example, with heat) by a spinner coating method, a dipping coating method, a 
screen printing method, a spray coating method or a roll coating method. 

The thickness of the insulating orientation control layer 4 is usually 10 A to 1 urn, preferably 10 A to 
3000 A, and most preferably 10 A to 1000 A. The two glass substrates 2 are positioned at arbitrary interval 
by the spacer 5. For example, silica beads or alumina beads each having a predetermined diameter are 

15 used as the spacer 5 to be held between the two glass substrates 2. Then, a sealing material, for example, 
an epoxy bond is used to seal the peripheral portion. As the spacer, a polymer film or glass fiber may be 
used. The foregoing chiral smectic liquid crystal composition is enclosed between the two glass substrates 
2. 

The liquid crystal layer 1, in which the liquid crystal has been enclosed, usually has a thickness of 0.5 

20 um to 20 urn, and preferably 1 um to 5 um. 

The transparent electrodes 3 are connected to the external power source 7 through lead wires 6. The 
polarizing plates 8 are applied on the two external sides of the glass plates 2. Since the liquid crystal device 
shown in Fig. 1 is a transmissive type device, the light source 9 is provided. Fig. 2 is a schematic view of 
the cell to explain the operation of the liquid crystal device. Reference numerals 21a and 21b represent 

25 substrates (glass plates) respectively coated with thin films made of In203, Sn0 2 or ITO (Indium Tin Oxide). 
Liquid crystal of phase S*C or S*H oriented such that their liquid crystal molecule layers 22 are 
perpendicular to the surfaces of the glass plates 21a and 21b is enclosed between the substrates 21a and 
21b. Bold lines 23 represent the liquid crystal molecules, the liquid crystal molecules 23 each having dipole 
moment (P J_) 24. When voltage, the threshold of which is larger than a predetermined value, is applied 

30 between the substrates 21a and 21b, the spiral structures of the liquid crystal molecules 23 are untied. 
Thus, the direction of orientation of the liquid crystal molecules 23 can be changed such that all dipole 
moments (P Jj 24 face the direction of the electric field. The liquid crystal molecule 23 has an elongated 
shape in which its longer axial direction and a shorter axial direction have anisotropy of the refraction factor. 
Therefore, it can easily be understand that placing of polarizers crossed-Nicol each other on the upper and 

35 lower surfaces of the glass surface enables a liquid crystal optical modulating device to be constituted, the 
optical characteristic of which is changed based on the polarity of the applied voltage. 

The thickness of the liquid crystal cell for use preferably in the optical modulating device according to 
the present invention can be reduced satisfactorily (for example, 10 um or thinner). As the liquid crystal 
layer is thinned as described above, the spiral structures of the liquid crystal molecules are untied as shown 

40 in Fig. 3 even if no electric field is applied. As a result, the dipole moment Pa or Pb is brought into an 
upward direction 34a or a downward direction 34b. When an electric field Ea or Eb larger than a 
predetermined threshold is, as shown in Fig. 3, applied to a cell of the foregoing type by voltage applying 
means 31a and 31b, the dipole moments change their direction to the upward direction 34a or the 
downward direction 34b to correspond to the electric field vector. Correspondently, the liquid crystal 

45 molecules are oriented to a first stable state 33a or a second stable state 33b. 

Use of the ferroelectric liquid crystal device as the optical modulating device enables two advantages 
as described above. The first advantage is that a very first response speed can be obtained. The second 
advantage is that the liquid crystal molecules have the bistability. The second advantage will now be 
described with reference to Fig. 3. When the electric field Ea is applied, the direction of the liquid crystal 

so molecules are changed so as to be oriented into the second stable state 33b. Even if the electric field is 
turned off, the liquid crystal molecules are maintained at the foregoing state. If the applied electric field Ea 
or Eb does not exceed a predetermined threshold, the previous state of orientation is maintained. 

Fig. 5 illustrates operation waveforms according to the present invention. Referring to Fig. 5 (A), 
symbols S s represent selected scanning waveforms to be applied to selected scanning lines, Sn represent 

55 non-selected scanning waveforms to be applied to non-selected scanning lines, l s represent selected 
information waveform (black) to be applied to selected data lines and l N represent non-selected information 
signal (white) to be applied to non-selected data lines. Referring to Fig. 5 (A), (l s - S s ) and (l N - S s ) 
represent voltage waveforms to be applied to pixels on the selected scanning lines. Pixels applied with 
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voltage (l s -S s ) are brought into a black display state, while pixels applied with voltage (l N - S s ) are brought 
into a white display state. 

Fig. 5 (B) illustrates time-sequential waveforms realized when display shown in Fig. 6 is performed with 
the operation waveforms shown in Fig. 5 (A). In the example of the operation shown in Fig. 5, shortest 

5 applying time At, in which the pixel on the selected scanning line is applied with monopole voltage, 
corresponds to the time of writing phase fe. The time ti for clearing one line is set to 2At. The values of the 
respective parameters V s , V| and At of the operation waveforms shown in Fig. 5 are determined depending 
upon the switching characteristic of the employed liquid crystal material. In this embodiment, determination 
is fixed such that V,/(V, + V s ) = 1/3. Although the range of the adequate operating voltage can be widened 

w by raising the bias ratio, the raise of the bias ratio causes the amplitude of the information signal to be 
widened and thus the image quality deteriorates such that flickers take place and the contrast is lowered. 
Investigations performed by the inventors of the present invention resulted in that the practical bias ratio is 
1/3 to 1/4. 

The liquid crystal device according to the present invention may be adequately combined with another 

15 device or a circuit to constitute a variety of liquid crystal devices. 

In particular, the liquid crystal device according to the present invention is used in a display panel 
portion and a communication synchronizing means is provided so that a liquid crystal display apparatus is 
realized, the communication synchronizing means being adapted to a data format composed of image 
information having the scanning address information shown in Figs. 7 and 8 and a SYNC signal. 

20 Referring to Figs. 7 and 8, reference numeral 101 represents a liquid crystal display apparatus, 102 

represents a graphic controller, 103 represents a display panel, 104 represents a scanning line operating 
circuit, 105 represents an information line operating circuit, 106 represents a decoder, 107 represents a 
scanning signal generating circuit, 108 represents a shift register, 109 represents a line memory, 110 
represents an information signal generating circuit, 111 represents an operation control circuit, 112 

25 represents a GCPU, 113 represents a host CPU and 114 represents a VRAM. 

Image information is generated by the graphic controller 102 provided for the apparatus body, the 
image information being transferred to the display panel 103 by a signal transferring means shown in Figs. 
7 and 8. The graphic controller 102 controls image information and communication between the host CPU 
113 and the liquid crystal display apparatus 101 depending upon the CPU (central processing unit, 

30 hereinafter abbreviated to a "GCPU 112") and the VARM (an image information storage memory) 114. The 
control method according to the present invention is realized mainly on the graphic controller 102. Note that 
a light source is disposed on the reverse side of the display panel 103. 

Examples of the present invention will now be described in detail. The present invention is not limited to 
the examples below. 

35 

Example 1 

Preparation of optically active 2- [2- {4- (4- methoxy phenyl) phenyl} ethyl]-4-hexyl-4-butanolyde (Example 
Compound No. 4) 

40 

(1) Preparation of 2- (4-bromophenyl) ethylbenzylether 

6. 12 g (30.4 mmol) of 4-bromophenthylalcohol, 1.34 g (33.4 mmol) of 60% sodium hydride and 23 ml 
of tetrahydrofuran (THF) were injected. Then, a mixture solution of 7.84 g (62.0 mol) of benzylchloride and 
45 10 ml of THF were dripped, and the materials were stirred for 2.5 hours while being heated at 80 °C. After 
reactions had been completed, the materials were cooled, and water was added, extraction with toluene, 
cleaning wit water and drying were performed. The solvent was removed by filtration, and then refining was 
performed with a silica gel column chromatography (developing solvent: toluene/hexane = 1/3) so that 7.0 
g of 2- (4-bromophenyl) ethylbenzylether was obtained (yield 79%). 

50 

(2) Preparation of 2- {4- (4-methoxyphenyl) phenyl} ethylbenzylether 

1.57 g (10.3 mmol) of 4-methoxyphenyl malonic acid, 3.0 g (10.3 mmol) of 2- (4-bromophenyl) 
ethylbenzylether, 0.38 g of tetrakis (triphenylphosphine) palladium, 15 ml of 2M-sodium carbonate solution, 
55 15 ml of toluene and 1 0 ml of ethanol were heated at 80 • C for 4 hours under presence of nitrogen. After 
reactions had been completed, extraction with toluene was performed. Th n, the xtracted solution was 
dried with anhydrous sodium sulfate. The solvent was removed by filtration, and then refining was 
performed with a silica gel column chromatography (developing solvent: toluene) and by recrystallization 
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(ethanol) so that 2.63 g of 2- {4- (4-methoxyphenyl) phenyl} ethylbenzylether was obtained (yield 80%). 

(3) Preparation of 2- {4- (4-methoxyphenyl) phenyl} ethanol 

5 2,59 g (7.85 mol) of 2- {4- (4-methoxyphenyl) phenyl} ethylbenzylether, 0.4 g of 5% palladium 

activated carbon, 70 ml of ethanol and 6 ml of dioxane were injected and stirred at room temperature for 7 
hours under presence of hydrogen. After the reactions had been completed, the catalyst was removed by 
tuck filtration and the solvent was removed by filtration so that 1 .64 g of 2- {4- (4-methoxyphenyl) phenyl} 
ethanol was obtained (yield 92%). 

10 

(4) Preparation of 4-toluenesulfonic acid 2- {4- (4-methoxyphenyl) phenyl} ethyl 

1.64 g (7.18 mmol) of 2- {4- (4-methoxyphenyl) phenyl} ethanol, 1.44 g (7.54 mmol) of 4-toluenesul- 
fonic acid chloride, 3.20 g (40.5 mmol) of pyridine and 5 ml of dichloromethane were stirred at room 
15 temperature for 5 hours. After the reactions had been completed, cooling was performed, 10 ml of 6M- 
hydrochloric acid was added, extraction with toluene was performed, and the extracted solution was dried 
with anhydrous sodium sulfate. After the solvent had been removed by filtration, refining was performed 
with a silica gel column chromatography (developing solvent: toluene) so that 2.37 g of 4-toluenesulfonic 
acid 2- {4- (4-methoxyphenyl) phenyl} ethyl was obtained (yield 86%). 

20 

(5) Preparation of 2- [2- {4- (4-methoxyphenyl) phenyl} ethyl] diethyl malonate 

0.29 g (7.3 mmol) of 60% sodium hydrate and 1 ml of N,N-dimethylformamide (DMF) were injected, 
and mixture solution of 1.07 g (6.7 mol) of dimethyl malonate and 3 ml of DMF were dripped to the 

25 foregoing materials. Stirring at room temperature was performed for 15 minutes, and then mixed solution of 
2.30 g (6.01 mmol) of 4-toluene sulfonic acid 2- {4- (4-methoxyphenyl) phenyl} ethyl and 5 mol of DMF was 
dripped, and then heating and stirring at 100'C were performed for 6 hours. After the reactions had been 
completed, cooling was performed, water was added and extraction with toluene was performed. Then, 
cleaning with water and drying were performed. After the solvent was removed by filtration, refining was 

30 performed with a silica gel column chromatography (developing solvent: toluene/ethyl acetate = 10/1] so 
that 1.35 g of 2- [2- {4- (4-methoxyphenyl) phenyl} ethyl] diethyl malonate was obtained. 

(6) Preparation of optically active 2- [2- {4- (4-methoxyphenyl) phenyl} ethyl]-4-hexyl-4-butanolyde 

35 0.60 g (1 .62 mmol) of 2- [2- {4- (4-methoxyphenyl) phenyl} ethyl] diethyl malonate, 0.20 g (1 .78 mmol) 
of t-butoxy potassium and 5 ml of t-butanol were injected. Then, mixed solution of 0.21 g (1 .62 mmol) of 
optically active 1 ,2-epoxyoctane and 2 ml of t-butanol was dripped, and then heating and stirring at 90 °C 
were performed for 4 hours. After the reactions had been completed, 6M-hydrochloric acid was added so 
that the pH was made to be 1 , and extraction with ethyl acetate was performed. After the extracted solution 

40 was dried, the solvent was removed by filtration. Then, refining was performed with a silica gel column 
chromatography (developing solvent: toluene/ethyl acetate = 20/1) and by recrystallization 
(toluene/methanol) so that 0.20 g of optically active 2- [2- {4- (4-methoxyphenyl) phenyl} ethyl]-4-hexyl-4- 
butanolyde was obtained (yield 32% and melting point 134.8°C). 

45 Example 2 

Preparation of optically active 2- [4- {4-(3-fluorononyloxy) phenyl} phenyl] ethyl-4-hexyl-4-butanolyde 
(Example Compound No. 5) 

so (1 ) Preparation of optically active 2-{4-(4-hydroxyphenyl) phenyl} ethyl-4-hexyl-4-butanolyde 

0.38 g (1 .0 mmol) of optically active 2- {4- (4-methoxyphenyl) phenyl} ethyl-4-hexyl-4-butanolyde and 6 
ml of dichloromethane were cooled to -80 °C. Then, mixed solution of 0.15 g (1.2 mmol) of boron tribromide 
and 3 ml of dichloromethane was dripped. Then, stirring was performed at room temperature for 15 hours, 
55 and 10 ml of water was added, and extraction with ethyl acetate was performed. The extracted solution was 
cleaned with solution of sodium hydrogen carbonate, and then it was dried with anhydrous sodium sulfate. 
After the solvent was removed by filtration, refining was performed with a silica gel column chromatography 
(developing solvent: toluene/ethyl acetate = 10/1) and by recrystallization (toluene/hexane) so that 0.30 g of 
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optically active 2-{4-(4-hydroxyphenyl) phenyl} ethyl-4-hexyl-4-butanolyde was obtained (yield 82%). 
(2) Preparation of optically active 2- [4- {4- (3-fluorononyloxy) phenyl} phenyl] ethyl-4-hexy-4-butanolyde 

5 0.033 g (0.83 mmol) of 60% sodium hydrate and 2 ml of DMF were injected, and a mixed solution of 

0.29 g (0.79 mol) of optically active 2-{4-(4-hydroxyphenyl) phenyl} ethyl-4-hexyl-4-butanolyde and 3 ml of 
DMF was dripped. Stirring was performed at room temperature for 15 minutes, and then a mixed solution of 
0.26 g (0.82 mmol) of 4-toluene sulfonic acid 3-fluorononyl and 2 ml of DMF was dripped. Then, heating 
and stirring at 60 *C were performed for one hour. After the reactions had been completed, cooling was 

w performed, water and methanol were added. Then, precipitated crystal was filtered. The obtained crystal 
was cleaned with water and methanol. Then, refining was performed with a silica gel column chromatog- 
raphy (developing solvent: toluene/ethyl acetate = 10/1) and by recrystallization so that 0.32 g of 2- [4- {4- 
(3-fluorononyloxy) phenyl} phenyl] ethyl-4-hexy-4-butanolyde was obtained (yield 80% and melting point 
129.7'C). 

15 

Example 3 

Preparation of optically active 2- [2- {4- (2-octylindane-5-yl) phenyl} ethyl]-4-octyl-4-butanolyde (Example 
Compound No. 47) 

20 

(1) Preparation of 2-{4-(2-octylindane-5-yl) phenyl} ethanol 

2.74 g (10.0 mmol) of 2-octylindane-5-boronic acid, 2.0 g (10.0 mmol) of 2- (4-bromophenyl) ethanol, 
0.38 g of tetrakis (triphenylphosphine) palladium, 15 ml of 2M-sodium carbonate solution, 15 ml of toluene 
25 and 10 ml of ethanol were heated at 80 °C for 6 hours under presence of nitrogen. After reactions had been 
completed, extraction with toluene was performed. Then, the extracted solution was dried with anhydrous 
sodium sulfate. The solvent was removed by filtration, and then refining was performed by re-crystallization 
(hexane/ethanol) so that 2.40 g of 2-{4-(2-octylindane-5-yl) phenyl} ethanol was obtained (yield 68%). 

30 (2) Preparation of 4-toluene sulfonic acid 2-{4-(2-octylindane-5-yl) phenyl} ethyl 

2.40 g (6.85 mmol) of 2-{4-(2-octylindane-5-yl) phenyl} ethanol, 1.31 g (6.85 mmol) of 4-toluenesulfonic 
acid chloride and 3.20 g (40.5 mmol) of pyridine were stirred at room temperature for 3 hours. After the 
reactions had been completed, cooling was performed, 10 ml of 6M-hydrochloric acid was added, extraction 
35 with toluene was performed, and the extracted solution was dried with anhydrous sodium sulfate. After the 
solvent had been removed by filtration, refining was performed with a silica gel column chromatography 
(developing solvent: toluene) so that 2.70 g of 4-toluene sulfonic acid 2-{4-(2-octylindane-5-yl) phenyl} ethyl 
was obtained (yield 78%). 

40 (3) Preparation of 2- [2- {4- (2-octylindane-5-yl) phenyl} ethyl] diethyl malonate 

0.23 g (5.67 mmol) of 60% sodium hydrate and 1 ml of DMF were injected, and mixture solution of 0.91 
g (5.67 mol) of dimethyl malonate and 3 ml of DMF were dripped to the foregoing materials. Stirring at 
room temperature was performed for 15 minutes, and then mixed solution of 2.60 g (5.15 mmol) of 4- 

45 toluene sulfonic acid 2- {4- (2-octylrndane-5-yl)phenyl}ethyl and 5 ml of DMF was dripped, and then heating 
and stirring at 90 °C were performed for 4 hours. After the reactions had been completed, cooling was 
performed, water was added and extraction with toluene was performed. Then, cleaning with water and 
drying were performed. After the solvent was removed by filtration, refining was performed with a silica gel 
column chromatography (developing solvent: toluene/ethyl acetate = 10/1] so that 1.52 g of 2- [2- {4- (2- 

so octylindane-5-yl) phenyl} ethyl] diethyl malonate was obtained (yield 60%). 

(4) Preparation of optically active 2- [2- {4- (2-octylindane-5-yl) phenyl} ethyl]-4-octyl-4-butanolyde 

0.70 g (1.40 mmol) of 2- [2- {4- (2-octylindane-5-yl) phenyl} ethyl] diethyl malonate, 0.17 g (1.56 mmol) 
55 of t-butoxy potassium and 8 ml of t-butanol were injected. Then, mixed solution of 0.22 g (1.42 mmol) of 
1 ,2-epoxydecane and 4 ml of t-butanol was dripped, and then heating and stirring at 90 *C were perform d 
for 8 hours. After th reactions had been completed, 6M-hydrochloric acid was added so that the pH was 
made to be 1 , and extraction with ethyl acetate was performed. After the extracted solution was dried, the 
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solvent was removed by filtration. Then, refining was performed with a silica gel column chromatography 
(developing solvent: toluene/ethyl acetate = 20/1) and by recrystallization (toluene/methanol) so that 0.30 g 
of optically active 2- [2- {4- (2-octylindane-5-yl) phenyl} ethyl]-4-octyl-4-butanolyde was obtained (yield 
40%). 

Phase Transition Temperature ( • C) 



Cry 



79.5 



Iso 



10 



77.2 



Example 4-1 

75 

Preparation of optically active 2- [2- {4- <5-decylpyrimsdine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde 
(Example Compound No. 19) 

(1) Preparation of 4- (2-benzyloxyethyl) phenyl boronic acid 

20 

3.8 g (13.0 mmol) of 4- (2-benzyloxyethyl) phenylbromide and 30 ml of dry THF were cooled to -80 °C, 
and 9.4 ml of n-butyllithium (1.65 M) was dripped to it. Stirring at the foregoing temperature was performed 
for 3 hours, and then mixture solution of 5.68 g (30.2 mmol) of triisopropoxyboron and 15 ml of dry THF 
was dripped, and stirring at room temperature was performed for 13 hours. After the reactions had been 
25 completed, 15 ml of 10% hydrochloric acid was added, and extraction with ethyl acetate was performed. 
After the extracted solution was dried, the solvent was removed by filtration. Then, refining was performed 
with a silica gel column chromatography (developing solvent: toluene/ethyl acetate = 20/1) so that 3.21 g of 
4- (2-benzyloxyethyl) phenyl boronic acid was obtained (yield 64%). 

30 (2) Preparation of 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethylbenzylether 

1.27 g (4.96 mmol) of 4- (2-benzyloxyethyl) phenylboronic acid, 1.26 g (4.96 mmol) of 2-chloro-5- 
decylpyrimidine, 0.19 g of tetrakis (triphenylphosphine) palladium, 8 ml of 2M sodium carbonate, 8 ml of 
toluene and 4 ml of ethanol were, under presence of nitrogen, heated at 80 °C for 3 hours. After the 
35 reactions had been completed, extraction with toluene was performed and the extracted solution was dried 
with anhydrous sodium sulfate. The solvent was removed by filtration and refining was performed by 
recrystallization (toluene/methanol) so that 1.65 g of 2- {4- (5-decylpyrimtdine-2-yl) phenyl} ethylbenzylether 
was obtained (yield 77%). 

40 (3) Preparation of acetic acid 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl 

1.00 g (2.32 mmol) of 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethylbenzylether, 0.036 g (0.116 mmol) of 
90% tin bromide, 0.71 g (5.81 mmol) of bromide acetate and 10 ml of dichloromethane were stirred at room 
temperature for 48 hours. After the reactions had been completed, 3M sodium hydrate solution was added 
45 to neutralize it. Then, extraction with dichloromethane was performed. The extracted solution was dried with 
anhydrous sodium sulfate and the solvent was removed by filtration so that 1.49 g of rough acetic acid 2- 
{4- (5-decylpyrimidine-2-yl) phenyl} ethyl was obtained. 

(4) Preparation of 2-{4- (5-decylpyrimidine-2-yl) phenyl} ethanol 

50 

1.49g of rough acetic acid 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl, 0.40 g (10 mmol) of sodium 
hydrate and 20 ml of ethanol were heated and stirred at 90 • C for one hour. After the reactions had been 
completed, the solvent was removed by filtration, and 3M hydrochloric acid was added so as to be 
neutralized and extraction with ethyl acetate was performed. The extracted solution was dried with 
55 anhydrous sodium sulfate, and then the solvent was removed by filtration. Then, refining was performed 
with a silica gel column chromatography (developing solvent: toluene/ethyl acetate = 20/1) so that 0.65 g of 
2-{4- (5-decylpyrimidine-2-yl) phenyl} ethanol was obtained (total yield from benzylether derivative 82%). 
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(5) Preparation of 4-toluene sulfonic acid 2-{4- (5-decylpyrimidine-2-yl) phenyl} ethyl 

0.65 g (1.91 mmol) of 2-{4- (5-decylpyrimidine-2-y1) phenyl} thanol, 0.36 g (1.91 mmol) of 4-toluene 
sulfonic acid chloride and 1.00 g (12.7 mmol) of pyridine were stirred at room temperature for 4 hours. After 
5 the reactions had been completed, cooling was performed, 10 ml of 6M hydrochloric acid was added, 
extraction with toluene was performed and the extracted solution was dried with anhydrous sodium sulfate. 
The solvent was removed by filtration, and then refining was performed with a silica gel column 
chromatography (developing solvent: toluene) so that 0.87 g of 4-toluene sulfonic acid 2- {4- (5-decyl- 
pyrimidine-2-yl) phenyl} ethyl was obtained (yield 92%). 

w 

(6) Preparation of 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate 

0.09 g (2.29 mmol) of 60% sodium hydrate and 0.3 ml of DMF were injected, and mixture solution of 
0.32 g (2.00 mol) of dimethyl malonate and 1 ml of DMF was dripped to the foregoing materials. Stirring at 

15 room temperature was performed for 15 minutes, and then mixed solution of 0.87 g (1.76 mmol) of 4- 
toluene sulfonic acid 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl and 2 ml of DMF was dripped, and then 
heating and stirring at 90 • C were performed for 5 hours. After the reactions had been completed, cooling 
was performed, water was added and extraction with toluene was performed. Then, cleaning with water and 
drying were performed. After the solvent was removed by filtration, refining was performed with a silica gel 

20 column chromatography (developing solvent: toluene/ethyl acetate = 20/1] so that 0.43 g of 2- [2- {4- (5- 
decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate was obtained (yield 51%). 

(7) Preparation of optically active 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde 

25 0.43 g (0.89 mmol) of 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.11 g (0.98 
mmol) of t-butoxypotassium and 4 ml of t-butanol were injected. Then, mixed solution of 0.1 1 g (0.89 mmol) 
of optically active 1 ,2-epoxyoctane and 2 ml of t-butanol was dripped, and heating and stirring at 90 °C 
were performed for 3 hours, After the reactions had been completed, 6M hydrochloric acid was added to 
make the pH to be 1, and extraction with ethyl acetate was performed. The extracted solution was dried, 

30 and the solvent was removed by filtration, and then refining was performed with a silica gel column 
chromatography (developing solvent: toluene/ethyl acetate = 20/1) so that 0.03 g of optically active 2- [2- 
{4- <5-decylpyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde was obtained (yield 7% and melting point 
66.3 *C). 

35 Example 4-2 

Preparation of optically active 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde (Exam- 
ple Compound No. 19) (Fine adjustment of conditions for Example 4-1 > 

40 (1 ) Preparation of 4- (2-benzyloxyethyl) phenyl boronic acid 

13.7 g (47.1 mmol) of 4- (2-benzyloxyethyl) phenylbromide and 80 ml of dry THF were cooled to 
-75 °C, and 34.0 ml of n-butyllithium (1.65 M) was dripped to it. Stirring at the foregoing temperature was 
performed for 3 hours, and then mixture solution of 12.9 g (68.7 mmol) of triisopropoxyboron and 50 ml of 

45 dry THF was dripped, and stirring at -75 °C was performed for 2 hours and that at room temperature was 
performed for 14 hours. After the reactions had been completed, 50 ml of 10% hydrochloric acid was 
added, and extraction with ethyl acetate was performed. After the extracted solution was dried, the solvent 
was removed by filtration. Then, refining was performed with a silica gel column chromatography (develop- 
ing solvent: toluene/ethyl acetate = 20/1 ) so that 8.62 g of 4- (2-benzyloxyethyl) phenyl boronic acid was 

so obtained (yield 71%). 

(2) Preparation of 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethylbenzylether 

1.27 g (4.96 mmol) of 4- (2-benzyloxyethyl) phenylboronic acid, 1.26 g (4.96 mmol) of 2-chloro-5- 
55 decylpyrimidine, 0.19 g of tetrakis (triphenylphosphine) palladium, 8 ml of 2M sodium carbonate, 8 ml of 
toluene and 4 ml of ethanol were, under presence of nitrogen, heated at 80 *C for 3 hours. After the 
reactions had been completed, extraction with toluene was performed and th extracted solution was dried 
with anhydrous sodium sulfate. The solvent was removed by filtration and refining was performed by 
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recrystallization (toluene/methanol) so that 1 .65 g of 2- {4- (5-decylpyrimidirte-2-yl) phenyl} ethylbenzylether 
was obtained (yield 77%). 

(3) Preparation of acetic acid 2-{4- (5-decylpyrimidine-2-yl) phenyl} ethyl 

5 

1.00 g (2.32 mmol) of 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethylbenzylether, 0.036 g (0.116 mmol) of 
90% tin bromide, 0.71 g (5.81 mmol) of bromide acetate and 10 ml of dichloromethane were stirred at room 
temperature for 48 hours. After the reactions had been completed, 3M sodium hydrate solution was added 
to neutralize it. Then, extraction with dichloromethane was performed. The extracted solution was dried with 
10 anhydrous sodium sulfate and the solvent was removed by filtration so that 1.49 g of rough acetic acid 2- 
{4- (5-decylpyrimidine-2-yl) phenyl} ethyl was obtained. 

(4) Preparation of 2-{4- (5-decylpyrimidine-2-yl) phenyl} ethanol 

75 1.49g of rough acetic acid 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl, 0.40 g (10 mmol) of sodium 

hydrate and 20 ml of ethanol were heated and stirred at 90 °C for one hour. After the reactions had been 
completed, the solvent was removed by filtration, and 3M hydrochloric acid was added so as to be 
neutrali2ed and extraction with ethyl acetate was performed. The extracted solution was dried with 
anhydrous sodium sulfate, and then the solvent was removed by filtration. Then, refining was performed 

20 with a silica gel column chromatography (developing solvent: toluene/ethyl acetate = 20/1) so that 0.65 g of 
2-{4- (5-decylpyrimidine-2-yl) phenyl} ethanol was obtained (total yield from benzylether derivative 82%). 

(5) Preparation of 4-toluene sulfonic acid 2-{4- (5-decylpyrimidine-2-yl) phenyl} ethyl 

25 0.65 g (1.91 mmol) of 2-{4- <5-decylpyrimidine-2-yl) phenyl} ethanol, 0.36 g (1.91 mmol) of 4-toluene 
sulfonic acid chloride and 1.00 g (12.7 mmol) of pyridine were stirred at room temperature for 4 hours. After 
the reactions had been completed, cooling was performed, 10 ml of 6M hydrochloric acid was added, 
extraction with toluene was performed and the extracted solution was dried with anhydrous sodium sulfate. 
The solvent was removed by filtration, and then refining was performed with a silica gel column 

30 chromatography (developing solvent: toluene) so that 0.87 g of 4-toluene sulfonic acid 2- {4- (5-decyl- 
pyrimidine-2-yl) phenyl} ethyl was obtained (yield 92%). 

(6) Preparation of 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate 

35 0.30 g (7.52 mmol) of 60% sodium hydrate and 5 ml of DMF were injected, and mixture solution of 1.26 
g (7.85 mol) of dimethyl malonate and 2 ml of DMF was dripped to the foregoing materials. Stirring at room 
temperature was performed for 15 minutes, and then mixed solution of 3.38 g (6.83 mmol) of 4-toluene 
sulfonic acid 2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl and 10 ml of DMF was dripped, and then heating 
and stirring at 90 °C were performed for 7 hours. After the reactions had been completed, cooling was 

40 performed, water was added and extraction with toluene was performed. Then, cleaning with water and 
drying were performed. After the solvent was removed by filtration, refining was performed with a silica gel 
column chromatography (developing solvent: toluene/ethyl acetate = 20/1] so that 2.49 g of 2- [2- {4- (5- 
decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate was obtained (yield 76%). 

45 (7) Preparation of optically active 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde 

1.93 g (4.0 mmol) of 2- [2- {4- (5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.55 g (4.4 
mmol) of t-butoxypotassium and 15 ml of t-butanol were injected. Then, mixed solution of 0.62 g (4.8 mmol) 
of optically active (R)-1 ,2-epoxyoctane and 6 ml of t-butanol was dripped, and heating and stirring at 90 °C 

50 were performed for 6 hours, After the reactions had been completed, 6M hydrochloric acid was added to 
make the pH to be 1, and extraction with ethyl acetate was performed. The extracted solution was dried, 
and the solvent was removed by filtration, and then refining was performed with a silica gel column 
chromatography (developing solvent: toluene/ethyl acetate = 20/1) and by recrystallization (once with 
hexane/ethyl acetate and once hexane/ispropanol) so that 0.69 g of optically active 2- [2- {4- (5- 

55 decylpyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde (mixture ratio of cis/trans = 83/17) was obtained 
(yield 35% and melting point 66.3 * C). 
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Example 5-1 

Preparation of optically active 2- (5-hexenyl)-4-hexyl-4-butanolyde (Example Compound No. 513) 

5 (1) Preparation of 2- (5-hexenyl) diethyl malonate 

0.59 g (14.7 mmol) of 60% sodium hydrate and 5 ml of DMF were injected, and mixed solution of 2.36 
g (14.7 mol) of dimethyl malonate 5 ml of DMF was dripped. Stirring at room temperature was performed 
for 15 minutes, and then mixed solution of 2.04 g (12.3 mol) of 6-bromo-1 -hexene and 5 ml of DMF was 
w dripped. Then, heating and stirring at 90 *C were performed for 6 hours. After the reactions had been 
completed, water was added, extraction with ethyl acetate was performed, and cleaning with water and 
drying were performed. After the solvent had been removed, distillation under reduced pressure was 
performed so that 2.78 g of 2- (5-hexenyl) diethyl malonate was obtained (yield 93% and melting point 
100'C to 110°C/6 torr). 

75 

(2) Preparation of optically active 2- (5-hexenyl)-4-hexyl-4-butanolyde 

2.30 g (9.5 mmol) of 2-(5-hexenyl) diethyl malonate, 1.30 g (10.4 mmol) of t-butoxypotassium and 20 ml 
of t-butanol were injected. Then, mixed solution of 1.22 g (9.5 mmol) of optically active 1 ,2-epoxyoctane and 
20 6 ml of t-butanol was dripped, and heating and stirring at 90 °C were performed for 5 hours, After the 
reactions had been completed, 6M hydrochloric acid was added to make the pH to be 1 , and extraction with 
ethyl acetate was performed. The extracted solution was dried, and the solvent was removed by filtration, 
and then refining was performed with a silica gel column chromatography (developing solvent: toluene) so 
that 1 .37 g of optically active 2- (5-hexenyl)-4-hexyl-4-butanolyde was obtained (yield 48%). 

25 

Example 5-2 

Preparation of 2-[6-{4-(5-decylpyrimidine-2-yl) phenyl} hexyl>4-hexyl-4-butanolyde (Example Compound 
No. 124) 

30 

0.80 g (2.66 mmol) of optically active 2-(5-hexenyl)-4-hexyl-4-butanolyde(Example Compound No. 513) 
and 3 ml of THF were injected, and they were cooled to -17 °C. Then, 6.4 ml of 9-borabicyclo [3.3.1] 
nonane (0.5M THF solution) was dripped, and stirring at 0*C was performed for one hour. Then, stirring at 
room temperature was performed for one hour, and then 0.08 g (0.073 mmol) of tetrakis (triphenyl- 

35 phosphine) palladium, 1.00 g (2.66 mmol) of 5-decyl-2-(4-bromophenyl) pyrimidine, 10 ml of DMF, and 0.74 
g (5.32 mmol) of potassium carbonate were added, and stirring at 60 °C was performed for 5 hours. After 
reactions had been completed, water was added, and extraction with ethyl acetate was performed. The 
extracted solution was dried, and then the solvent was removed by filtration. Then, refining was performed 
with a silica gel column chromatography (developing solvent: toluene/ethyl acetate = 50/1) and by 

40 recrystallization (hexane/ethyl acetate) so that 0.32 g of 2-[6-{4-(5-decylpyrimidine-2-yl) phenyl} hexyl]-4- 
hexyl-4-butanolyde was obtained (yield 22% and melting point 64.3 °C). 

Example 6 

45 Preparation of optically active 2-[2-{4-(2-octylindane-5-yl) phenyl} ethyl]-4-phenyl-4-butanolyde (Example 
Compound No. 257) 

0.70 g (1.40 mmol) of 2-[2-{4-(2-octylindane-5-yl) phenyl} ethyl] diethyl malonate, 0.17 g (1.56 mmol) of 
t-butoxypotassium and 8 ml of t-butanol were injected. Then, mixed solution of 0.17 g (1.42 mmol) of 

so optically active styrene oxide and 4 ml of t-butanol was dripped, and heating and stirring at 90 *C were 
performed for 3 hours. After the reactions had been completed, 6M hydrochloric acid was added to make 
the pH to be 1, and extraction with ethyl acetate was performed. The extracted solution was dried, and the 
solvent was removed by filtration, and refining was performed with a silica gel column chromatography 
(developing solvent: toluene) and by recrystallization (toluene/methanol) so that 0.08 g of optically active 2- 

55 [2-{4-(2-octylindane-5-yl) phenyl} ethyl]-4-phenyl-4-butanolyde was obtained (yield 11% and melting point 
96.9 • C). 
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Example 7 

Preparation of optically active 2-[2-{4-(2-octylindane-5-yl) phenyl} ethyl]-4-(4-methoxyphenyl)-4-butanolyde 
(Example Compound No. 468) 

0.70 g (1.40 mmol) of 2-[2-{4-(2-octylindane-5-yl) phenyl} ethyl] diethyl malonate, 0.17 g (1.56 mmol) of 
t-butoxypotassium and 8 ml of t-butanol were injected. Then, mixed solution of 0.21 g (1.42 mmol) of 
optically active 4-methoxystyreneoxide and 4 ml of t-butanol was dripped, and heating and stirring at 90 °C 
were performed for 3 hours. After the reactions had been completed, 6M hydrochloric acid was added to 
make the pH to be 1, and extraction with ethyl acetate was performed. The extracted solution was dried, 
and the solvent was removed by filtration, and refining was performed with a silica gel column chromatog- 
raphy (developing solvent: toluene) and by recrystallization (toluene/methanol) so that 0.05 g of optically 
active 2-[2-{4-(2-octylindane-5-yl) phenyl} ethyl]-4-(4-methoxyphenyl)-4-butanolyde was obtained (yield 7% 
and melting point 140.7*C). 

Example 8 

Preparation of optically active 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl]-4-phenyl-4-butanolyde (Exam- 
ple Compound No. 229) 

0.50 g (1.04 mmol) of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.13 g (1.14 
mmol) of t-butoxypotassium and 3 ml of t-butanol were injected. Then, mixed solution of 0.15 g (1.25 mmol) 
of optically active styreneoxide and 2 ml of t-butanol was dripped, and heating and stirring at 90 °C were 
performed for 3 hours. After the reactions had been completed, 6M hydrochloric acid was added to make 
the pH to be 1, and extraction with ethyl acetate was performed. After the extracted solution was dried, and 
the solvent was removed by filtration. Then, refining was performed with a silica gel column chromatog- 
raphy (developing solvent: toluene/ethyl acetate = 10/1) and by recrystallization (methanol) so that 0.09 g 
of optically active 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl]-4-phenyl-4-butanolyde was obtained (yield 
18% and melting point 79.5C°). 

Example 9 

Preparation of optically active 2-methyl-4-[8-{4-(5-decylpyrimidine-2-yl) phenyl} octyl]-4-butanolyde (Exam- 
ple Compound No. 476) 

(1) Preparation of optically active 1,2-epoxy-8-{4-(5-decylpyrimidine-2-yl) phenyl} decane 

1.36 g (8.8 mmol) of optically active 1 ,2-epoxy-9-decene and 6 ml of THF were injected, and they were 
cooled to -17°C. Then, 9-borabicyclo [3.3.1] nonane (0.5M THF solution) was dripped, and stirring at 0°C 
was performed for one hour. Then, stirring at room temperature was performed for one hour, and then 0.26 
g (0.073 mmol) of tetrakis (triphenylphosphine) palladium, 3.00 g (8.00 mmol) of 5-decyl-2-(4-bromophenyl) 
pyrimidine, 10 ml of DMF, and 2.21 g (16.0 mmol) of potassium carbonate were added, and stirring at 60 °C 
was performed for 5 hours. After reactions had been completed, water was added, and extraction with ethyl 
acetate was performed. The extracted solution was dried, and then the solvent was removed by filtration. 
Then, refining was performed with a silica gel column chromatography (developing solvent: toluene/ethyl 
acetate = 50/1) and by recrystallization (toluene/methanol) so that 2.10 g of 1 ,2-epoxy-8-{4-(5-decyl- 
pyrimidine-2-yl) phenyl} decane was obtained (yield 58%). 

(2) Preparation of optically active 2-methyl-4-[8-{4-(5-decylpyrimidine-2-yl) phenyl} octyl]-4-butanolyde 

0.39g (2.22 mmol) of 2-methyl diethyl malonate, 0.31 g (2.44 mmol) of t-butoxypotassium and 5 ml of t- 
butanol were injected. Then, mixed solution of 1.00 g (2.22 mmol) of optically active compound 1,2-epoxy- 
8-{4-(5-decylpyrimidine-2-yl) phenyl} decane and 6 ml of t-butanol was dripped, and then heating and 
stirring at 90 # C were performed for 4 hours. After the reactions had been completed, 6M-hydrochloric acid 
was added so that the pH was made to be 1, and extraction with ethyl acetate was performed. After the 
extracted solution was dried, the solvent was removed by filtration. Then, refining was performed with a 
silica gel column chromatography (developing solvent: hexane/ethyl acetate = 10/1) and by recrystallization 
(methanol) so that 0.30 g of optically active 2-methyl-4-[8-{4-(5-decylpyrimidine-2-y1) phenyl} octyl]-4- 
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butanolyde was obtained (yield 27% and melting point 76.4 *C). 
Example 10 

5 Preparation of optically active 2-[2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde (Ex- 
ample Compound No. 483) 

(1) Preparation of 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethylbenzylether 

w 8.62 g (33.7 mmol) of 4-(2-benzyloxyethyl) phenyl boronic acid, 9.13 g (33.7 mmol) of 2-chloro-5- 

decyloxypyrimidine, 1.29 g of tetrakis (triphenylphosphine) palladium, 54 ml of 2M-sodium carbonate 
solution, 54 ml of toluene and 27 ml of ethanol were heated at 80 °C for 4 hours under presence of 
nitrogen. After reactions had been completed, extraction with toluene was performed. Then, the extracted 
solution was dried with anhydrous sodium sulfate. The solvent was removed by filtration, and then refining 

75 was performed by recrystallization (to luene/m ethanol) so that 9.30 g of 2-{4-(5-decyloxypyrimidine-2-yl) 
phenyl} ethylbenzylether was obtained (yield 62%). 

(2) Preparation of acetic acid 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl 

20 9.30 g (20.8 mmol) of 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethylbenzylether, 0.279 g (0.116 mmol) 
of 90% tin bromide, 8.0 g (62.4 mmol) of bromide acetate and 50 ml of dichloromethane were stirred at 
room temperature for 48 hours. After the reactions had been completed, 3M sodium hydrate solution was 
added to neutralize it, and then extraction with dichloromethane was performed. The extracted solution was 
dried with anhydrous sodium sulfate, and then the solvent was removed by filtration so that 12.5 g of rough 

25 acetic acid 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl was obtained. 

(3) Preparation of 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethanol 

12.5 g of rough acetic acid 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl, 3.78 g (89.7 mmol) of 
30 sodium hydrate and 100 ml of ethanol were heated and stirred at 90 *C for 3 hours. After the reactions had 
been completed, the solvent was removed by filtration, and 3M hydrochloric acid was added to neutralize it. 
Then, extraction with ethyl acetate was performed. The extracted solution was dried with anhydrous sodium 
sulfate, and then the solvent was removed by filtration. Then, refining was performed with a silica gel 
column chromatography (developing solvent: toluene/ethyl acetate = 10/1) so that 2.0 g of 2-{4-(5- 
35 decyloxypyrimidine-2-yl) phenyl} ethanol was obtained (total yield from benzylether derivative 27%). 

(4) Preparation of 4-toluene sulfonic acid 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl 

2.0 g (5.6 mmol) of 2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethanol, 1.07 g (5.6 mmol) of 4-toluene 
40 sulfonic acid chloride and 1.2 g (15.0 mmol) of pyridine were stirred at room temperature for 3 hours. After 
the reactions had been completed, cooling was performed, and 6M hydrochloric acid was added, and 
extraction with ethyl acetate was performed. Then, the extracted solution was dried with anhydrous sodium 
sulfate. After the solvent had been removed by filtration, refining was performed with a silica gel column 
chromatography (developing solvent: toluene) so that 1.68 g of 4-toluene sulfonic acid 2-{4-(5-decylox- 
45 ypyrimidine-2-yl) phenyl} ethyl was obtained (yield 59%). 

(5) Preparation of 2-[2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl] diethyl malonate 

0.14 g (3.51 mmol) of 60% sodium hydrate and 3 ml of DMF were injected, and mixed solution of 0.59 
so g (3.67 mol) of dimethyl malonate and 1 ml of DMF was dripped. Stirring at room temperature was 
performed for 15 minutes, and mixed solution of 1.63 g (3.19 mmol) of 4-toluene sulfonic acid 2-{4-(5- 
decyloxypyrimidine-2-yl) phenyl} ethyl and 5 ml of DMF was dripped. Then, heating and stirring at 90 °C 
was performed for 7 hours. After the reactions had been completed, cooling was performed, water was 
added, extraction with toluene was performed, cleaning with water and drying were performed. After the 
55 solvent had been removed by filtration, refining was performed with a silica g I column chromatography 
(developing solvent: hexane/ethyl acetate = 5/1) so that 0.98 g of -[2-{4-(5-d cyloxypyrimidine-2-yl) 
phenyl} ethyl] diethyl malonate was obtained (yield 62%) 
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(6) Preparation of optically active 2-[2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4-butanolyde 

0.4 g (0.8 mmol) of 2-[2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.11 g (0.88 
mmol) of t-butoxypotassium and 3 ml of t-butanol were injected. Then, mixed solution of 0.12 g (0.97 mmol) 

5 of optically active (R)-1 ,2-epoxyoctane and 1 ml of t-butanol was dripped. Then, heating and stirring at 
90 *C were performed for 6 hours. After the reactions had been completed, 6M hydrochloric acid was 
added to make the pH to be 1 , and then extraction with ethyl acetate was performed. The extracted solution 
was dried, and the solvent was removed by filtration. Then, refining was performed with a silica gel column 
chromatography (developing solvent: hexane/ethyl acetate = 5/1) and by recrystallization (hexane/ethyl 

10 acetate) so that 0.1 g of optically active 2-[2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl]-4-hexyl-4- 
butanolyde (mixture ratio of cis/trans = 75/25) was obtained (yield 25% and melting point 73.3 °C). 

Example 1 1 

15 Preparation of optically active 2-[6-{4-(5-decyloxypyrimidine-2-yl) phenyl} hexyl]-4-hexyloxymethyl 
butanolyde (Example Compound No. 501) 

0.54 g (1.08 mmol) of 2-[2-{4-(5-decyloxypyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.15 g (1.19 
mmol) of t-butoxypotassium and 3 ml of t-butanol were injected. Then, mixed solution of 0.21 g (1 .30 mmol) 

20 of optically active (R)-hexylglycidyl ether and 1 ml of t-butanol was dripped, and then heating and stirring at 
90 °C were performed for 4 hours. After the reactions had been completed, 6M hydrochloric acid was 
added to make pH to be 1, and extraction with ethyl acetate was performed. After the extracted solution had 
been dried, the solvent was removed by filtration. Then, refining was performed with a silica gel column 
chromatography (developing solvent: hexane/ethyl acetate = 5/1) so that 0.10 g of optically active trans-2- 

25 [6-{4-(5-decyloxypyrimidine-2-yl) phenyl} hexyl]-4-hexyloxy methyl butanolyde and 0.08 g of optically active 
cis-2-[6-{4-(5-decyloxypyrimidine-2-yl) phenyl} hexyl]-4-hexyloxymethyl butanolyde were obtained (melting 
point of the trans structure 31 .1 * C and that of the cis structure 53.3 * C). 

Example 12 

30 

Preparation of optically active 2-(3-butenyl)-4-hexyl-4-butanolyde (Example Compound No. 511) 

(1) Preparation of 2-(3-butenyl) diethyl malonate 

35 20 g (870 mmol) of metal sodium and 340 ml of ethanol were injected, and then 112 g (700 mmol) of 
dimethyl malonate was added. Stirring at room temperature was performed for 15 minutes, and then 97 g 
(719 mmol) of 4-bromo-1 -butene was added. Then, heating and stirring at 90 °C were performed for 15 
hours. After the reactions had been completed, ethanol was removed by filtration, and then 500 ml of water 
was added. Then, extraction with ether was performed, and cleaning with water and drying were performed. 

40 After the solvent had been removed by filtration, distillation was performed under reduced pressure so that 
112 g of 2-(3-butenyl) diethyl malonate was obtained (yield 58% and melting point 90 'C to 100*C/4 torr). 

(2) Preparation of optically active 2-(3-butenyl)-4-hexyl-4-butanolyde 

45 67 g (313 mmol) of 2-(3-butenyl) diethyl malonate, 38.6 g (344 mmol) of t-butoxypotassium and 300 ml 
of t-butanol were injected. Then, 40 g (313 mmol) of optically active (R)-1 ,2-epoxyoctane was dripped, and 
then heating and stirring at 90 °C were performed for 20 hours. After the reactions had been completed, 6M 
hydrochloric acid was added to make the pH to be 1. Then, extraction with ethyl acetate was performed, 
and the extracted solution was dried. Then, the solvent was removed by filtration and refining was 

so performed by distillation under reduced pressure and by a silica gel column chromatography (developing 
solvent: hexane/ethyl acetate = 16/1) so that 21.6 g of optically active 2-(3-butenyl)-4-hexyl-4-butanolyde 
was obtained (yield 31% and melting point 95 *C to 105-C/1 torr). 
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Example 13 

Preparation of 2-[4-{4-(5-decylpyrimidine-2-yl) phenyl} butyl]-4-hexyl-4-butanolyde (Example Compound 
No. 504) 

5 

0.72 g (2.66 mmol) of optically active 2-(3-butenyl)-4-hexyl-4-butanolydeand 3 ml of THF were injected, 
and they were cooled to -17 a C. Then, 6.4 ml of 9-borabicyclo [3.3.1 Jnonane (0.5 M THF solution) was 
dripped, and stirring at 0*C was performed for one hour. Furthermore, stirring at room temperature was 
performed for one hour, and then 0.08 g (0.073 mmol) of tetrakis (triphenylphospine) palladium, 1.00 g (2.66 
w mmol) of 5-decyl-2-(4-bromophenyl) pyrimidine, 10 ml of DMF and 0.74 g (5.32 mmol) of potassium 
carbonate were added. Then, they were stirred at 60 °C for 5 hours. After the reactions had been 
completed, water was added, and extraction with ethyl acetate was performed. After the extracted solution 
had been dried, the solvent was removed by filtration. Then, refining was performed with a silica gel column 
chromatography (developing solvent: hexane/ethyl acetate = 50/1) and by recrystallization (once by 
75 hexane/ethyl acetate and once by acetone) so that 0.10 g of optically active 2-[4-{4-(5-decylpyrimidine-2-yl) 
phenyl} butyl]-4-hexyl-4-butanolyde (mixture ratio of cis/trans = 97/3) was obtained (yield 7% and melting 
point 57.2 • C). 

Example 14 

20 

Preparation of optically active 2-(2-propenyl)-4-hexyl-4-butanolyde (Example Compound No. 510) 

(1) Preparation of 2-(2-propenyl) diethyl malonate 

19 g (826 mmol) of metal sodium and 420 ml of ethanol were injected, and then 135 g (844 mmol) of 
dimethyl malonate was added. Stirring at room temperature was performed for 15 minutes, and then 100 g 
(826 mmol) of allylbromide was added. Then, heating and stirring at 90 'C were performed for 15 hours. 
After the reactions had been completed, ethanol was removed by filtration, and then 500 ml of water was 
added. Then, extraction with ether was performed, and cleaning with water and drying were performed. 
After the solvent had been removed by filtration, refining was performed with a silica gel column 
chromatography (developing solvent: hexane/ethyl acetate 4/1) so that 89 g of 2-(2-propenyl) diethyl 
malonate was obtained (yield 54%). 

(2) Preparation of 2-(2-propenyl)-4-hexyl-4-butanolyde 

73 g (365 mmol) of 2-(2-propenyl) diethyl malonate, 44 g (392 mmol) of t-butoxy potassium and 400 ml 
of t-butanol were injected. Then, 47.4 g (313 mmol) of optically active (R)-1 ,2-epoxy octane was dripped, 
and then heating and stirring at 90 4 C were performed for 20 hours. After the reactions had been 
completed, 6M hydrochloric acid was added to make the pH to be 1. Then, extraction with ethyl acetate 
was performed, and the extracted solution was dried. Then, the solvent was removed by filtration and 
refining was performed by distillation under reduced pressure and by a silica gel column chromatography 
(developing solvent: hexane/ethyl acetate = 20/1) so that 2.9 g of optically active trans-2-(2-propenyl)-4- 
hexyl-4-butanolyde and 17.1 g of optically active cis-2-(2-propenyl)-4-hexyl-4-butanolyde were obtained 
(yield 26% and melting point 80 *C to 90*C/1 torr). 

Example 15 

Preparation of optically active trans-2-[3-{4-(5-decylpyrimidine-2-yl) phenyl} propyl]-4-hexyl-4-butanolyde 
(Example Compound No. 505) 

0.69 g (2.66 mmol) optically active trans-2-(2-propenyl)-4-hexyl-4-butanolyde and 3 ml of THF were 
injected, and they were cooled to -17°C. Then, 6.4 ml of 9-borabicyclo [3.3.1 Jnonane (0.5M THF solution) 
was dripped, and stirring at 0°C was performed for one hour. Then, stirring at room temperature was 
performed for one hour, and then 0.08 g (0.073 mmol) of tetrakis (triphenylphosphine) palladium, 1.18 g 
(2.66 mmol) of trifuoromethanesulfonic acid 4-(5-decyipyrimidine-2-yl) phenyl, 10 ml of DMF, and 0.74 g 
(5.32 mmol) of potassium carbonate were added, and stirring at 60 *C was performed for 5 hours. After 
reactions had been completed, water was added, and extraction with ethyl acetate was performed. The 
extracted solution was dried, and then the solvent was removed by filtration. Then, refining was performed 
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with a silica gel column chromatography (developing solvent: hexane/ethyl acetate = 20/1) and by 
recrystallization (acetone) so that 0.16 g of optically active trans-2-[3-{4-(5-decylpyrimidine-2-yl) phenyl} 
propyl]-4-hexyl-4-butanolyde was obtained (yield 12% and melting point 57.9 °C). 

5 Example 16 

Preparation of optically active cis-2-[3-{4-(5-decylpyrimidine-2-yl) phenyl} propyl]-4-hexyl-4-butanolyde 
(Example Compound No. 505) 

io 0.69 g (2.66 mmol) optically active cis-2-(2-propenyl)-4-hexyl-4-butanolyde and 3 ml of THF were 
injected, and they were cooled to -17°C. Then, 6.4 ml of 9-borabicyclo [3.3.1 ]nonane (0.5M THF solution) 
was dripped, and stirring at 0°C was performed for one hour. Then, stirring at room temperature was 
performed for one hour, and then 0.08 g (0.073 mmol) of tetrakis (triphenylphosphine) palladium, 1.18 g 
(2.66 mmol) of trifuoromethanesulfonic acid 4-(5-decylpyrimidine-2-yl) phenyl, 10 ml of DMF, and 0.74 g 

75 (5.32 mmol) of potassium carbonate were added, and stirring at 60 °C was performed for 5 hours. After 
reactions had been completed, water was added, and extraction with ethyl acetate was performed. The 
extracted solution was dried, and then the solvent was removed by filtration. Then, refining was performed 
with a silica gel column chromatography (developing solvent: hexane/ethyl acetate = 20/1) and by 
recrystallization (acetone) so that 0.30 g of optically active cis-2-[3-{4-(5-decylpyrimidine-2-yl) phenyl} 

20 propyl]-4-hexyl-4-butanolyde was obtained (yield 22% and melting point 73.0 *C). 

Example 17 

Preparation of optically active 2-[3-{2-(4-decylphenyl) pyrimidine-5-yl) phenyl} butyl]-4-hexyl-4-butanolyde 
25 (Example Compound No. 175) 

1.09 g (3.99 mmol) of optically active 2-(3-butenyl)-4-hexyl-4-butanolydeand 3 ml of THF were injected, 
and they were cooled to -17°C. Then, 9.6 ml of 9-borabicyclo [3.3.1 ]nonane (0.5M THF solution) was 
dripped, and stirring at 0'C was performed for one hour. Then, stirring at room temperature was performed 

30 for one hour, and then 0.13 g (0.073 mmol) of tetrakis (triphenylphosphine) palladium, 1.77 g (3.99 mmol) of 
trifuoromethanesulfonic acid 2-(4-decyphenyl)pyrimidine-5-yl, 10 ml of DMF, and 1.11 g (7.98 mmol) of 
potassium carbonate were added, and stirring at 60 °C was performed for 5 hours. After reactions had been 
completed, water was added, and extraction with ethyl acetate was performed. The extracted solution was 
dried, and then the solvent was removed by filtration. Then, refining was performed with a silica gel column 

35 chromatography (developing solvent: hexane/ethyl acetate = 5/1) and by recrystallization (acetone) so that 
0.42 g of optically active 2-[3-{2-(4-decylphenyl) pyrimidine-5-yl) phenyl} butyl]-4-hexyl-4-butanolyde was 
obtained (yield 20% and melting point 84.8 °C). 

Example 18 

AO 

Preparation of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl]-4-butyl-4-butanolyde (Example Compound No. 
11) 

0.43g (0.89 mmol) of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.11 g (0.98 
45 mmol) of t-butoxypotassium and 4 ml of t-butanol were injected. Then, mixed solution of 0.11 g (1.07 mmol) 
of optically active (R)-1 ,2-epoxyhexane and 2 ml of t-butanol was dripped, and heating and stirring at 90 °C 
were performed for 6 hours. After the reactions had been completed, 6M hydrochloric acid was added to 
make pH to be 1 , and extraction with ethyl acetate was performed. After the extracted solution had been 
dried, the solvent was removed by filtration. Then, refining was performed with a silica gel column 
so chromatography (developing solvent: hexane/ethyl acetate 10/1) and by recrystallization (acetone) so that 
0.05 g of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl]-4-butyl-4-butanolyde was obtained (yield 12% and 
melting point 62 • C). 
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Example 19 

Preparation of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl]-4-propyl-4-butanolyde (Example Compound 
No. 503) 

5 

0.92 g (1.91 mmol) of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl] diethyl malonate, 0.26 g (2.10 
mmol) of t-butoxypotassium and 5 ml of t-butanol were injected. Then, mixed solution of 0.22 g (2.29 mmol) 
of optically active (R)-1 ,2-epoxypentane and 2 ml of t-butanol was dripped, and heating and stirring at 90 °C 
were performed for 6 hours. After the reactions had been completed, 6M hydrochloric acid was added to 
w make pH to be 1 , and extraction with ethyl acetate was performed. After the extracted solution had been 
dried, the solvent was removed by filtration. Then, refining was performed with a silica gel column 
chromatography (developing solvent: hexane/ethyl acetate 10/1) and by recrystallization (acetone) so that 
0.22 g of 2-[2-{4-(5-decylpyrimidine-2-yl) phenyl} ethyl]-4~propyl-4-butanolyde was obtained (yield 26% and 
melting point 54 • C). 

75 

Example 20 

Preparation of 2-[4-{4-(4-hexyl-4-butanolyde-2-yl) butyl} phenyl]-5-{4-(4-hexyl-4-butanolyde-2-yl) butyl} 
pyrimidine (Example Compound No. 502) 

20 

2.0 g (7.34 mmol) of optically active 2-(3-butenyl)-4-hexyl-4-butanlyde and 9 ml of THF were injected, 
and they were cooled to -17 e C. Then, 17.7 ml of 9-borabicyclo [3.3.1] nonane (0.5 M THF solution) was 
dripped, and stirring at 0°C was performed for one hour. Furthermore, stirring at room temperature was 
performed for one hour, and then 0.16 g (0.073 mmol) of tetrakis (triphenylphospine) palladium, 0.94 g (2.45 

25 mmol) of trifluoromethane sulfonic acid 2-(4-bromophenyl) pyrimidine-5-yl, 10 ml of DMF and 1.35 g (9.8 
mmol) of potassium carbonate were added. Then, they were stirred at 60 °C for 5 hours. After the reactions 
had been completed, water was added, and extraction with ethyl acetate was performed. After the extracted 
solution had been dried, the solvent was removed by filtration. Then, refining was performed with a silica 
gel column chromatography (developing solvent: hexane/ethyl acetate = 5/1) and by recrystallization (once 

30 by hexane/ethyl acetate and once by toluene/methanol) so that 0.20 g of 2-[4-{4-(4-hexyl-4-butanolyde-2-yl) 
butyl} phenyl]-5-{4-(4-hexyl-4-butanolyde-2-yl) butyl} pyrimidine was obtained (yield 13%). 
Phase Transition Temperature ( • C) 

88 2 97 7 

35 Cry ^ S.^ ^ " Iso 

79 I X9 0 



where S3 is undefined smectic phase 

40 

Example 21 

Preparation of optically active 2-vinyl-4-hexyl-4-butanolyde (Example Compound No. 509) 

45 12.8 g (100 mmol) of naphthalene and 100 ml of dry THF were injected, and 1.4 g (200 mmol) of 
lithium was added at room temperature. Stirring was performed for 30 minutes, and then 14.6 g (200 mmol) 
of diethylamine was added at room temperature and they were stirred for 30 minutes. Then, mixed solution 
of 8.6 g (100 mmol) of vinyl acetate and 50 ml of dry THF was dripped at a temperature of -10° C or lower. 
Stirring was performed at the foregoing temperature for 30 minutes, and then 12.8 g (100 mol) of (R)-1,2- 

50 epoxyoctane was dripped at a temperature of -10 *C or lower. Then, stirring at the foregoing temperature 
was performed for 30 minutes, and heat reflux was performed for 2 hours. After the reactions had been 
completed, cooling was performed, and they were immersed into ice water, and hydrochloric acid was 
added to be made acid. Extraction with diisopropyl ether was performed, and cleaning with water was 
performed. Then, anhydrous magnesium sulfate was added to be dried. Aft r the solvent had been removed 

55 by filtration, 18.8 g of obtained carboxylic acid was added to 20 ml of diisopropyl ether. Then, stirring was 
performed at 40* C for 9 hours. After the reactions had been completed, the solvent was removed by 
filtration. Then, refining was performed with a silica gel column chromatography (developing solvent: 
h xane/ethyl acetate = 10/1) so that 2.75 g of optically active 2-vinyl-4-hexyl-4-butanolyde was obtained 
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(yield 14%). 
Example 22 

5 Preparation of optically active 4-(3-butenyl)-2-hexyl-4-butanolyde (Example Compound No. 522) 

54.8 g (225 mmol) of 2-hexyl diethyl malonate, 25.2 g (225 mmol) of t-butoxypotassium and 500 ml of t- 
butanol were injected. Then, 20 g (204 mmol) of optically active (R)-1 ,2-epoxy-5-hexene was dripped, and 
heating and stirring at 90 °C were performed for 7 hours. After the reactions had been completed, 6M 
10 hydrochloric acid was added to make the pH to be 1, and extraction with ethyl acetate was performed. After 
the extracted solution had been dried, the solvent was removed by filtration. Then, refining was performed 
by distillation under reduced pressure and with a silica gel column chromatography (developing solvent: 
hexane/ethyl acetate = 10/1) so that 24 g of optically active 4-(3-butenyl)-2-hexyl-4-butanolydewas obtained 
(yield 53%). 

75 

Example 23 

Preparation of optically active 4-[4-{4-(5-decylpyrimidine-2-yl) phenyl} butyl]-2-hexyl-4-butanolyde (Example 
Compound No. 506) 

20 

0.84 g (3.74 mmol) of 4-(3-butenyl)-2-hexyl-4- butanolyde and 2 ml of THF were injected, and they were 
cooled to -17°C. Then, 8.0 ml of 9-borabicyclo [3.3.1 Jnonane (0.5 M THF solution) was dripped, and stirring 
was performed at 0°C for one hour. Then, stirring was performed at room temperature for one hour, and 
0.04 g of tetrakis (triphenylphosphine) palladium, 0.50 g (1.33 mmol) of 5-decyl-2-(4-bromophenyl) 

25 pyrimidine, 6 ml of DMF and 0.37 g of potassium carbonate were added, and they were stirred at 60* C for 
7 hours. After the reactions had been completed, water was added, and extraction with ethyl acetate was 
performed. After the extracted solution had been dried, the solvent was removed by filtration. Then, refining 
was performed with a silica gel column chromatography (developing solvent: hexane/ethyl acetate = 5/1) 
and by recrystallization so that 0.20 g of optically active 4-[4-{4-(5-decylpyrimidine-2-yl) phenyl} butyl]-2- 

30 hexyl-4-butanolyde was obtained. 

Example 24 

Preparation of optically active 4-[4-{4-(4-pentylcyclohexyl) phenyl} butyl]-2-hexyl-4-butanolyde (Example 
35 Compound No. 507) 

0.84 g (3.74 mmol) of optically active 4-(3-butenyl)-2-hexyl-4-butanolydeand 2 ml of THF were injected, 
and they were cooled to -17*C. Then, 8 ml of 9-borabicyclo [3.3.1 ]nonane (0.5 M THF solution) was 
dripped, and stirring was performed at 0 0 C for one hour. Then, stirring at room temperature was performed 

40 for one hour, and then 0.04 g of tetrakis (triphenylphosphine) palladium, 0.42 g (1.36 mmol) of 4-(4- 
pentylcyclohexyl) phenylbromide, 6 ml of DMF and 0.37 g of potassium carbonate were added, and they 
were stirred at 60 *C for 7 hours. After the reactions had been completed, water was added and extraction 
with ethyl acetate was performed. After the extracted solution had been dried, the solvent was removed by 
fiitration. Then, refining was performed with a silica gel column chromatography (developing solvent: 

45 hexane/ethyl acetate = 5/1) and by recrystallization so that 0.20 g of optically active 4-[4-{4-(4-pentyl- 
cyclohexyl) phenyl} butyl]-2-hexyl-4-butanolyde was obtained (melting point 83.9 ' C). 

Example 25 

50 The following compounds containing Example Compound No. 5 prepared in Example 2 were mixed 
with the following parts by weight so that liquid crystal composition A was prepared. 
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Cs Ht 3 -Py2-Ph-Od 2 H 25 


4.2 


<^Hi7-Py2-Ph-OC9H, 9 


8.4 


Os Hi yKy^-r'n-Uoi o rf2 1 


o.*t 


C9Hi9-Py2-Ph-OC8Hi7 


4.2 


Ci o H 2 1 0-Ph-C00-Ph-0CH2 CH(CH 3 )C 2 H 5 


27.5 


C6H 13 -Btb2-Ph-OC8Hi7 


21.1 


CsHn-Ph-Td-Ph-CsHn 


5.3 


CsHia-Ph-Td-Ph-C/vHg 


5.3 


Ci 1 H 23 -Py2-Ph-OCO-Tn-C4 H 9 


5.3 


Ci 1 H 23 -Py2-Ph3F-OCO-Tn-C4H 9 


5.3 


Ce Ht 3 *CHF(CH 2 h 0-Ph-Ph-(CH 2 ) 2 -L1 -C* Hi 3 


5.0 



The phase transition temperature of the liquid crystal composition A is as follows: 

15 

-2L5 62.7 73.5 81.1 

Cry ; Sc* ; SA ; Ch ; Iso (°C) 

20 

Example 26 

Two glass plates each having a thickness of 0.7 mm were prepared, and an ITO film was formed on the 

25 glass plate so that an electrode, to which voltage was applied, was formed. Then, SiCfe was evaporated on 
the ITO film so that an insulating layer was formed. Then, isopropyl alcohol solution containing silane 
coupling material (KBM-602 manufactured by Shinetsu Kagaku) by 0.2% was applied for 15 seconds by a 
spinner rotating at a rotational speed of 2000 rpm so that surface treatment was performed. Then, heating 
and drying were performed at 120*0 for 20 minutes. Furthermore, the glass plates with the ITO films, 

30 further subjected to surface treatment, were, for 15 seconds, applied with dimethyl acetoamide solution 
containing polyimide resin precursor (SP-510 manufactured by Toray) by 1.5 % by a spinner rotating at a 
rotational speed of 2000 rpm. After a desired film had been formed, heat shrinkage baking process was 
performed at 300 °C for 60 minutes. Thus, a film having a thickness of about 250A was applied. 

The baked film was subjected to a rubbing process using acetate filling, and then it was cleaned with 

35 isopropyl alcohol solution. Then, silica beads having an average diameter of 2 urn were placed on one of 
the glass plates in such a manner that the axes of the rubbing processes run parallel to one another. Then, 
an adhesive sealant ("LiqussoBond" manufactured by Chisso) was used to bond the glass plates to each 
other. Then, the glass plates were heated to 100°C for 60 minutes so that a cell was manufactured. Then, 
the liquid crystal composition B mixed in Example 10 was, in an isotropic fluid state, injected into the cell. 

40 Then, the cell was gradually cooled from the anisotropic phase to 25° C at a rate of 20°C/hour so that a 
liquid crystal device (ferroelectric liquid crystal device) was manufactured. The thickness of the cell was 
measured by a Berek phase plate, resulting in about 2 urn. The thus-manufactured liquid crystal device was 
used to measure the intensity of the spontaneous polarization. The results are as follows: 





10*C 


30«C 


40-C 


Spontaneous Polarization 


1 1 .6 nc/cm 2 


8.7 nc/cm 2 


5.8 nc/cm 2 



Example 27 

In the composition according to Example 25, Example Compound No. 47 manufactured in Example 3 
was used in place of the Example Compound No. 5 so that liquid crystal composition B was prepared. The 
phase transition temperature of the liquid crystal composition B was as follows: 
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- 23.4 57.5 72.6 79.9 

Cry ; So* v SA v Ch ; Iso (°C) 

5 

A ferroelectric liquid crystal liquid crystal device was manufactured by the same method as that of 
Example 26 except liquid crystal composition B being injected into the cell so that the spontaneous 
polarization was measured. The results are were as follows: 





10-C 


30"C 


40'C 


Spontaneous Polarization 


7.8 nc/cm 2 


5.5 nc/cm 2 


4.5 nc/cm 2 



15 Example 28 

Example Compound No. 19 manufactured in Example 4 was used in place of the Example Compound 
No. 5 according to Example 25 so that liquid crystal composition C was prepared. The phase transition 
2q temperature of the liquid crystal composition C was as follows: 

- 25.8 60.9 71.1 79.5 

Cry v Sc* ; SA v Ch " Iso (°C) 

25 

A ferroelectric liquid crystal liquid crystal device was manufactured by the same method as that of 
Example 11 except liquid crystal composition C being injected into the cell so that the spontaneous 
polarization was measured. The results are were as follows: 





10°C 


30 °C 


40-C 


Spontaneous Polarization 


15.2 nc/cm 2 


12.2 nc/cm 2 


10.1 nc/cm 2 



35 

Example 29 

Example Compound No. 257 manufactured in Example 6 was used in place of the Example Compound 
No. 5 according to Example 25 so that liquid crystal composition D was prepared. The phase transition 
40 temperature of the liquid crystal composition D was as follows: 



-24.2 57.4 70.0 78.1 

45 Cry - ScT ; SA v Ch ; Iso (°C) 

A ferroelectric liquid crystal liquid crystal device was manufactured by the same method as that of 
Example 11 except liquid crystal composition D being injected into the cell so that the spontaneous 
so polarization was measured. The results are were as follows: 





10°C 


30*C 


40'C 


Spontaneous Polarization 


9.0 nc/cm 2 


7.1 nc/cm 2 


5.0 nc/cm 2 
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Example 30 

Example Compound No. 229 manufactured in Example 8 was used in place of the Example Compound 
No. 5 according to Example 25 so that liquid crystal composition E was prepared. The phase transition 
temperature of the liquid crystal composition E was as follows: 



- 23.1 56.9 
Cry Z " Sc* ~ : 



69.2 



77.5 



SA - 



Ch 



Iso (1C) 



10 



A ferroelectric liquid crystal liquid crystal device was manufactured by the same method as that of 
Example 11 except liquid crystal composition E being injected into the cell so that the spontaneous 
polarization was measured. The results are were as follows: 



15 





10*C 


30° C 


40°C 


Spontaneous Polarization 


14.5 nc/cm 2 


1 1 .5 nc/cm 2 


9.1 nc/cm 2 



20 



25 



30 



As can be understood from Examples 25 to 30, addition of the optically active compound according to 
the present invention to another liquid crystal compound in a small quantity will enable a liquid crystal 
composition having a large spontaneous polarization to be manufactured. Thus, it can be understood that 
the optically active compound according to the present invention has great performance for attaining the 
spontaneous polarization. 

Example 31 

The following compounds were mixed with the following parts by weight so that liquid crystal 
composition F was prepared. 



35 



40 



45 



50 



Constitutional Formula 


Parts by Weight 


C9Hi 9 -Py2-Ph-OC 9 Hi9 


6 | 


CToHsi-Pya-Ph-OCsHw 


6 


Cs hh 7 O-Prl -Ph-0(CH 2 )s*CH(CH3 JO? H 5 


7 I 


Ci 1 H 2 30-Py2-Ph-0(CH 2 )2*CH(CH3)C2H5 


14 


CioH 2 i-Pr2-Ph-C6Hi3 


8 


C6Hi3-Py2-Ph-Ph-C 4 H 9 


4 


C 8 Hi 7-Ph-Pr2-Ph-OCs Hi , 


2 


C 3 H 7 -Cy-COO-Ph-Py 1 -Ci 2 H 25 


10 


Cs , -Cy-COO-Ph-Py 1 -Ci 2 H 25 


5 


Ci o H 2 1 0-Ph-COS-Ph-OCs Hi 7 


10 


C6Hi3-Ph-COO-Ph-Ph-OCH 2 CH(CH 3 )C2H 5 


7 


C 3 H 7 -Cy-CH 2 O-Ph-Py 1 -Cs H, 7 


7 


Ci o H 2 1 -Ph-Ph-OCH 2 -Ph-C 7 Hi 5 


5 


Ci 2 H 25 -Py2-Ph-OCH 2 *CH(F)C5 Hi 1 


2 


Cs Hi 1 -Cy-COO-Ph-OCH 2 *CH(F)C6 Hi 3 


2 


Ci 2 H25 0-Ph-Pa-COO(CH 2 )3*CH(CH 3 )C 2 H 5 


2 


d 2 H 25 0-Ph-Pa-0(CH 2 ) 3 "CH(CH 3 )OC 3 H 7 


3 ! 



Furthermore, the following example compounds were mixed to the liquid crystal composition F with the 
following parts by weight so that liquid crystal composition G was prepared. 
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Example 


Constitutional Formula 


Parts by weight 


Compound No. 






15 


Ci3H 2 7-Py2-Ph-(CH2)2-L1-C 5 Hu 


2 


51 


Ci 2 H 25 -Btb2-Ph-(CH 2 ) 2 -L1 -C 6 Fh 3 


1 


83 


C* H 9 -Ph-Tn-(CH 2 ) 2 -L1 -C 7 Hi 5 


2 




F 


95 



10 A liquid crystal device was manufactured by the same method as that of Example 11 except liquid 
crystal composition G being injected into the cell. A peak-to-peak voltage Vpp = 20 V was applied to 
detect optical response (change in the transmitted light quantity 0 to 90%) under crossed-Nicol so that the 
response speed (hereinafter called "optical response speed") was measured. The results were as follows: 





10'C 


25 "C 


40*C 


Response Speed 


391 usee 


209 usee 


113 usee 



Comparative Example 1 

A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition F being injected into the cell. The optical response speed was measured by the same 
method as that of Example 16. The results were as follows: 





10"C 


25-C 


40*C 


Response Speed 


668 usee 


340 usee 


1 82 usee 



30 

Example 32 

The following example compounds were mixed with the following parts by weight in place of the 
35 example compounds mixed in the composition according to Example 31 so that liquid crystal composition H 
was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


22 


C 7 Hi 5 OCO-Cy-Ph-(CH 2 )2-L1 -Ci * H 29 


1 


41 


C 6 Hi 3 -Gp1 -Ph-(CH 2 ) 2 -L1 -Ci 2 H 25 


2 


100 


C 3 H 7 -Ph-Ph-Py1 -(CH 2 ) 2 -L1 -C 7 5 


2 




F 


95 



45 

A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition H being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 

50 





10°C 


25 °C 


40°C 


Response Speed 


413 usee 


220 usee 


121 usee 
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Example 33 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 31 so that liquid crystal composition I 
5 was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






9 


CsHt 7 0-Ph-COO-Ph-(CH 2 )2-L1 -C & Ht 3 


1 


60 


C6H l3 -Ph-Pr2-Ph-(CH 2 )2-L1-C6Hi3 


2 


84 


C 8 Hi 7 -Ph-Tz1 -(CH 2 ) 2 -L1 -Ci 2 H 25 


2 




F 


95 



75 

A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition H being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 

20 





10-C 


25*C 


40 'C 


Response Speed 


435 usee 


230 usee 


127 usee 



25 

Example 34 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 31 so that liquid crystal composition J 
was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


115 


C 8 Hi 7 -Pr1 -Ph-(CH 2 )5 -L1 -Cs hh 7 


2 j 


134 


Cs Hi 1 -Tz1 -Ph-(CH 2 h -L1 -C 8 Hi 7 


2 i 


160 


Cs Hi 3 -Ph-Ph-Ph-(CH 2 )6 -L1 -C 3 H 7 


2 




F 


95 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition J being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10-C 


25-C 


40"C 


Response Speed 


451 usee 


244 usee 


135 usee 



50 

Example 35 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 31 so that liquid crystal composition K 
55 was prepared. 
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Example Compound No. 


Constitutional Formula 


Parts by Weight 


236 


Ci o H21 -Pd-Ph-(CH 2 ) 2 -L1-Ph-OCH 3 


1 


256 


C1 1 H 2 3-ID1-Ph-(CH 2 )4-L2-Ph-H 


2 


299 


C1 1 H 2 3-Ph-Np-(CH 2 )2-L1-Ph-C6 Hi 3 


2 




F 


95 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition K being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10°C 


25-C 


40 °C 


Response Speed 


430 usee 


231 usee 


128 usee 



Example 36 

The following example compounds were mixed with the following parts by weight so that liquid crystal 
composition L was prepared. 



Constitutional Formula 


Parts by Weight 


C 7 Hi5-Py2-Ph-OC9Hi9 


12 


CiiH 2 3-Py2-Ph-OC6Hi3 


10 


C 8 Hi 7 -Pr2-Ph-0<CH 2 )5*CH(CH 3 )C 2 H 5 


10 


C1 0 H 2 1 -Py2-Ph-0(CH 2 ) 4 CH(CH 3 )OCH 3 


3 


C 8 Hi 7 -Py2-Ph-Ph-OC 6 Hi 3 


8 


Cs Hi 3 0-Ph-OCO-Np-OC 9 Hi 9 


4 


C 3 H 7 -Cy-COO-Ph-Py1-Ci iH 23 


6 


C 8 Hi 7 -Cy-COO-Ph-Py1 -Ci 1 H 23 


2 


Cs Hi 1 -Cy-COO-Ph-Py 1 -Ci 1 H 23 


8 


Ci 0 H 2 1 0-Ph-COO-Ph-OCH 2 *CH(CH 3 )C 2 H 5 


15 


C* H 9 -Cy-CH 2 O-Ph-Py 1 -C 6 Hi 3 


7 


C 5 Hi 1 -Cy-CH 2 O-Ph-Py 1 -C 6 Hi 3 


7 


C 9 Hi 9 0-Ph-OCH 2 -Ph-Ph-C 7 Hi 5 


4 


C 6 Hi 3 *CH(CH 3 )0-Ph-COO-Ph-Ph-OCO*CH(CH 3 )OC* H 9 


2 


Ci 2 H 2 5 - Py 2-Ph-OCO*CH(CirCH(CH 3 )C 2 H 5 


2 



Furthermore, the following example compounds were mixed to the liquid crystal composition L with the 
following parts by weight so that liquid crystal composition M was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






23 


C 6 Hi 3-Cy-CH = CH-Ph-fCH^-LI -Ci 0 H 2 i 


2 


48 


Cs Hi 1 -ld1-Ph2F-(CH 2 )2-L1 -Cs Hi 3 


2 


88 


Ca Hi 7 OCH 2 CH 2 -Ph-Np-(CH2)2-L1 -Cs Hi 1 


2 




L 


94 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition M being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 
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10°C 


25-C 


40 °C 


Response Speed 


451 usee 


230 usee 


129 usee 



Comparative Example 2 

A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition L being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31 , and the switching state was observed. The results were as follows; 





10*C 


25 °C 


40- C 


Response Speed 


784 usee 


373 usee 


197 usee 



Example 37 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 36 so that liquid crystal composition 
N was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






11 


Ci o H 2 1 -Pr2-Ph-(CH 2 )2 -L1 -C* H 9 


2 


43 


Cg Hi 3 -Cm 1 -Ph-(CH 2 h -L1 -Cs H, 7 


2 


92 


CeHi 3 -Ph-Ep1-(CH 2 )2-L1-C6 H, 3 


2 




L 


94 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition N being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10«C 


25*C 


40*C 


Response Speed 


431 usee 


215 usee 


119 usee 



Example 38 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 36 so that liquid crystal composition 
O was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






31 


Cs Hi 9 0-Tz2-Ph-(CH 2 k -L1 -Cs H, 1 


2 


58 


C 3 H 7 -Py 2-Ph-Ph-(CH 2 h -L1 -Cs Hi 7 


2 


78 


C* H 9 -Ph-CH 2 OCy-(CH 2 -L1 -C 7 Hi 5 


1 




L 


95 
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A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition O being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10*C 


25°C 


40 °C 


Response Speed 


510 usee 


263 usee 


150 usee 



10 

Example 39 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 36 so that liquid crystal composition P 
76 was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


331 


C 6 Hi 3 0-Py2-Ph-(CH 2 ) 4 -L2-Cs Hi 7 


2 


374 


C 5 Hu-Ha2-Ph-(CH 2 )5-L2-Ci 1 H 23 


2 


407 


C 6 Hi 3-Ph-Ep1-(CH 2 )4-L2-C 6 Hi 3 


2 




L 


94 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition P being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10*C 


25 °C 


40'C 


Response Speed 


486 usee 


253 usee 


145 usee 



35 

Example 40 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 36 so that liquid crystal composition 
40 Q was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


310 


Ci o H 2 1 -Py2-Ph-(CH 2 ) 2 -LM 1 -C 7 Hi 5 


1 


456 


C6F 13 CH 2 0-Py2-Ph-(CH 2 ) 2 -L1-C6Hi 3 


2 


483 


Ci o H 2 1 OPy2-Ph-(CH 2 h -L1 -C 6 Hi 3 


2 




L 


95 



so A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition Q being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10'C 


25 °C 


40°C 


Response Speed 


440 usee 


224 usee 


128 usee 
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Example 41 



The following compounds were mixed with the following parts by weight so that liquid crystal 
composition R was prepared. 

5 



Constitutional Formula 


Parts by Weight 


/-» Li _. .Dt/O.Ph.r^rv m. « 

08 ni 7 -Yydrr \\-\J\j$> Mi 3 


1 n 


CsH, 7 -Py2-Ph-OCgH 1 9 


5 


Ci 0 H 2 1 -Py2-Ph-OCOCs Hi 7 


7 


C1 0 H 2 1 -Py2-Ph-0(CH 2 ) 3 CH(CH 3 )OC 3 H 7 


7 


Ci 2 H 2 s -Py2-Ph-0(CH 2 )* CH(CH 3 )OCH 3 


6 


<^H 11 -Py2-Ph-Ph-C 6 H 13 


5 


C 7 Hi5-Py2-Ph<Ph-C6Hi 3 


5 


C* H 9 -Cy-COO-Ph-Py 1 -Ci 2 H 25 


8 


C 3 H 7 -Cy-COO-Ph-Py 1 -Ci o H 2 , 


8 


Cg H, 9 O-Ph-COO-Ph-OCs H, , 


20 


Cs Hi 7 -Ph-COO-Ph-Ph-OCH 2 CH(CH 3 )C 2 H 5 


5 


C 8 Hi 7 -Ph-OCO-Ph-Ph-*CH(CH 3 )OCOC 6 Hi 3 


5 


Ce Hi 3 -Ph-OCH 2 -Ph-Ph-C 7 Hh 5 


6 


Ci 2 H 25 -Py2-Ph-OCH 2 *CH(F)Cs H A 3 


3 



The following example compounds were mixed with the following parts by weight to the foregoing liquid 
crystal composition R so that liquid crystal composition S was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






1 


Cg Ht 3 -Ph-(CH 2 ) 2 -L1-C8 Ht 7 


2 


25 


Cs Hi 1 -Pa-Ph-(CH 2 h-L1 "Cs Hi 7 


2 


34 


C6Hi 3 -Boa2-Ph-(CH 2 )2-L1-CioH2i 


2 




L 


94 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition S being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





* 10°C 


25«C 


40 P C 


Response Speed 


372 usee 


195 usee 


106 usee 



45 

Comparative Example 3 

A liquid crystal device was manufactured by the same method as that according to Example 26, except 
liquid crystal composition R mixed in the composition according to Example 24 being injected into the cell. 
50 The optical response speed was measured by the same method as that according to Example 31. The 
results were as follows. 





10-C 


25-C 


40°C 


Response Speed 


653 usee 


317 usee 


1 59 usee 
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Example 42 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 41 so that liquid crystal composition T 
5 was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






26 


Ci o H 2 1 -Pd-Ph-(CH 2 ) 2 -L1 -Cs Hi 3 


2 


37 


C 6 Hi 3 -Btb2-Ph-(CH 2 ) 2 -L1 -Ci * H 29 


2 


53 


CH 2 = CH(CH 2 ) 3 0-Ep2-Ph-(CH 2 ) 2 -L1-C 6 Hi 3 


4 




R 


95 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition T being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31 , and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10°C 


25 °C 


40°C | 


Response Speed 


411 usee 


217 usee 


1 1 8 usee 



25 

Example 43 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 41 so that liquid crystal composition U 
30 was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






18 


Cs Hi i 0-Py2-Ph23F-(CH 2 ) 2 -L1 -C* H 9 


2 


72 


C 6 Hi 3-Ph-Pyl -(CH 2 ) 2 -L1 -Ce H, 3 


2 


93 


C 9 Hi 9 0-Gp1 -(CH 2 ) 2 -L1 -C 8 Hi 7 


2 




R 


94 



40 

A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition U being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10°C 


25 °C 


40°C 


Response Speed 


366 usee 


191 usee 


104 usee 



50 

Example 44 

The following example compounds wer mixed with the following parts by weight in place of the 
55 example compounds mixed in the composition according to Example 41 so that liquid crystal composition V 
was prepared. 
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Example Compound No. 


Constitutional Formula 


Parts by Weight 


153 


Cs H, 3 -Tn-Ph-(CH 2 H -L1 -C 7 Fh 5 


2 


170 


H-Hb2-Ph-(CH 2 )s -LI -Cs Hi 7 


1 


194 


Cs Hi , -Ep1 -(CH 2 )s-L1 -C* H 9 


2 




R 


95 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
w crystal composition V being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10*C 


25"C 


40 °C 


Response Speed 


450 usee 


237 usee 


1 30 usee 



Example 45 
20 

The following example compounds were mixed with the following parts by weight in place of the 
example compounds mixed in the composition according to Example 40 so that liquid crystal composition 
W was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


230 


Cs Ht 7 -Py2-Ph3F-(CH 2 )2-L1-Ph-C6 Hi 3 


2 


336 


Cs Hi 3 -Cy-Ph-(CH 2 )g -L2-C 3 H 5 OC* H 9 


2 


379 


C 7 Hi 5 -Ph-Py2-Ph-(C H 2 ) 6 -L2-d 0 H 2 , 


2 




R 


94 



A liquid crystal device was manufactured by the same method as that of Example 26 except liquid 
crystal composition W being injected into the cell. The optical response speed was measured by the same 
method as that of Example 31, and the switching state was observed. The uniformity of orientation in the 
liquid crystal device was excellent such that monodomain state was obtained. The results were as follows; 





10'C 


25'C 


40°C 


Response Speed 


400 usee 


212 usee 


116 usee 



As can be understood from Examples 31 to 45, the liquid crystal devices having the liquid crystal 
compositions G to K, M to Q and S to W according to the present invention between substrates thereof are 
45 able to improve the operation characteristic and high speed response at low temperatures. Also the 
temperature dependency of the optical response speed can be reduced. 

Example 46 

so A liquid crystal device was manufactured by the same method as that of Example 26 except that 2% 
water solution of polyvinyl alcohol resin (PUA-117 manufactured by Kurare) in place of dimethylacetoamide 
solution containing polyimide resin precursor by 1.5 % according to Example 26. The optical response 
speed was measured by the same method as that according to Example 31. The results were as follows: 





10-C 


25-C 


40°C 


Response Speed 


378 usee 


202 usee 


1 09 usee 
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Example 47 



10 



A liquid crystal device was manufactured by the same method as that of Example 26 except that the 
orientation control layer was formed only by polyimide resin in such a manner that Si02 according to 
Example 26 was not used. The optical response speed was measured by the same method as that 
according to Example 31. The results were as follows: 





10°C 


25*C 


40' C 


Response Speed 


350 usee 


188 usee 


101 usee 



75 



As can be understood from Examples 46 and 47, the liquid crystal devices respectively having the 
liquid crystal compositions according to the present invention are able to improve the operation characteris- 
tic and the temperature dependency of the optical response speed can be reduced even if the structure of 
the device, such as the orientation control film, is changed. 



20 



Example 48 

The following compounds were mixed with the following parts by weight so that liquid crystal 
composition X was prepared. 



25 



30 



35 



C 6 Hi3-Py2-Ph-0(CH 2 )4C 3 F7 

CiiH 2 3-Py2-Ph-OCH 2 C4F9 

C 8 Hi 7 0-Pr1 -Ph-0(CH 2 )s CH(CH 3 )C 2 H 5 

Ci o H 2 1 -Py2-Ph-0(CH 2 ) 4 CH(CH 3 )OCH 3 

C6H 13 -Py2-Ph-Ph-C 8 Hi7 

C 8 Hi7-Py2-Ph-OC6H 13 

C5H1 1 -Cy-COO-Ph-Py 1 -C1 2 H 25 

C4H 9 -Cy-COO-Ph-Py1-Ci 1 H 23 

C 3 H 7 -Cy-COO-Ph-Py1-Ci ^ H 23 

C1 2 H 25 0-Ph-Pa-CO(CH 2 ) 3 *CH(CH 3 )C 2 H 5 

Ci 0 H 2 1 -Py2-Ph-OCH 2 *CH(F)C 2 H 5 

C6Hi 3 -Cy-COO-Ph-OCH 2 *CH(F)C6Hi 3 

C 8 Hi 7 -Ph-OCO-Ph-Ph-CH(CH 3 )OCOCs Hi 3 

Cs Hi 7 -Py2-Ph-OCO-Ph-F 

C 7 Hi 5 0-Ph-Tz1-Ph-C5Hn 

C 6 H, 3 0-Btb2-Ph-OCO(CH 2 ) 6 C 2 F 5 

C 8 Hi 7 0-Ph-COS-Ph-OCH 2 C 3 F 7 



40 



5 

10 
5 

10 
7 

15 
5 
5 
5 
2 
5 
2 
6 
2 
3 
3 

10 



Furthermore, the following example compounds were mixed with the foregoing liquid crystal composi- 
tion X with the following parts by weight so that liquid crystal composition XA was prepared. 



45 



50 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


27 


C 6 Hi 3 -Dt2-Ph-(CH 2 ) 2 -L1-(CH 2 ) 7 CH = CH 2 


1 


33 


Ci 0 H 2 i -Dx2-Ph-(CH 2 )2-L1 -C 7 Hi 5 


1 


404 


C 7 Hi 5-Tn-Ph-Py 1 -(CH 2 ) 2 -L1 -C 8 Hi 7 


1 




X 


97 



55 



Then, the foregoing liquid crystal compositions were used in the following procedure to manufacture 
cells, the optical response of which was observed. 

Two glass plates each having a thickness of 0.7 mm were prepared, and an ITO film was formed on the 
glass plate so that an electrode, to which voltage was applied, was formed. Then, Si0 2 was evaporated on 
the ITO film so that an insulating layer was formed. Then, isopropyl alcohol solution containing silane 
coupling material (KBM-602 manufactured by Shinetsu Kagaku) by 0.2% was applied for 15 seconds by a 
spinner rotating at a rotational speed of 2000 rpm so that surface treatment was performed. Then, heating 
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and drying were performed at 120°C for 20 minutes. Furthermore, the glass plates with the ITO films, 
further subjected to surface treatment, were, for 15 seconds, applied with dimethyl acetoamide solution 
containing polyimide resin pr cursor (SP-510 manufactured by Toray) by 1.0 % by a spinner rotating at a 
rotational speed of 3000 rpm. After a desired film had been formed, heat shrinkage baking process was 

5 performed at 300 • C for 60 minutes. Thus, a film having a thickness of about 120A was applied. 

The baked film was subjected to a rubbing process using acetate filling, and then it was cleaned with 
isopropyl alcohol solution. Then, silica beads having an average diameter of 1.5 um were placed on one of 
the glass plates in such a manner that the axes of the rubbing processes run parallel to one another. Then, 
an adhesive sealant ("LiqussoBond" manufactured by Chisso) was used to bond the glass plates to each 

10 other. Then, the glass plates were heated to 100*C for 60 minutes so that a cell was manufactured. The 
thickness of the cell was measured by a Berek phase plate, resulting in about 1.5 um. Then, the liquid 
crystal composition XA was, in an isotropic fluid state, injected into the cell. Then, the cell was gradually 
cooled from the anisotropic phase to 25° C at a rate of 20°C/hour so that a liquid crystal device 
(ferroelectric liquid crystal device) was manufactured. The liquid crystal device was used to measure the 

75 contrast at 30 °C with the operating waveform (1/3 bias ratio) shown in Fig. 5, resulting in 15.1. 

Comparative Example 4 

A liquid crystal device was manufactured by the same method as that of Example 33 except liquid 
20 crystal composition X mixed in Example 33 being injected into the cell. By using similar operation 
waveforms, the contrast at the time of the operation at 30 °C was measured. The resulted contrast was 8.1. 

Example 49 

25 The following example compounds were mixed with the foregoing with the following parts by weight in 
place of the example compounds of the compositions according to Example 48 so that liquid crystal 
composition XB was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






21 


Cs Ht 3 -Cy-Ph-(CH 2 )2-L1 -C* H 8 OC+ H 9 


1 


36 


Ci 6 H 3 3 0-Bta2-Ph-(CH 2 h -L1 -Cs Fh 3 


2 


65 


C* H 9 -Ph3TF-Pa-Ph-(CH 2 h -L1 -(CH 2 h CH(CH 3 h 


2 




X 


95 



A liquid crystal device was manufactured by the same method as that of Example 48 except the 
foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
40 contrast at the time of the operation at 30 °C was measured. The resulted contrast was 1 7.3. 

Example 50 

The following example compounds were mixed with the foregoing with the following parts by weight in 
45 place of the example compounds of the compositions according to Example 48 so that liquid crystal 
composition XC was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


44 


Cs Ht 7-I0I -Ph-(CH 2 )2-L1-C6 Hi 3 


1 


86 


Ce Hi 3 -Ph2F-Td-(CH 2 )2-L1-(CH 2 )3CH(CH3)CsHi 3 


2 


102 


C5H1 i-Ph-Ph3F-Tz1-(CH 2 )2-L1-C3H7 


2 




X 


95 



55 

A liquid crystal device was manufactured by the same method as that of Example 48 except the 
for going composition being used. By using similar operation waveforms to those in Example 48, the 
contrast at the time of th operation at 30 "C was measured. The resulted contrast was 17.7. 
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Example 51 

The following example compounds were mixed with the foregoing with the following parts by weight in 
place of the example compounds of the compositions according to Example 48 so that liquid crystal 
5 composition XD was prepared. 



Example 


Constitutional Formula 


Parts by Weight 


Compound No. 






6 


C 7 H, 5 0-Ph-Ph23F-(CH 2 ) 2 -L1 -C & Hi 3 


1 


59 


Csl-h i -Ha2-Ph-(CH 2 ) 2 -L1-Ci ^ H 23 


2 


95 


C 3 H 7 COO-Ph-Gp1-(CH 2 ) 2 -L1-Ci i H 23 


2 




X 


95 



15 

A liquid crystal device was manufactured by the same method as that of Example 48 except the 
foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
contrast at the time of the operation at 30 # C was measured. The resulted contrast was 21 .2. 

20 Example 52 

The following example compounds were mixed with the foregoing with the following parts by weight in 
place of the example compounds of the compositions according to Example 48 so that liquid crystal 
composition XE was prepared. 

25 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


126 


C 8 Hi 7 -Py2-Ph-(CH 2 K -L1 -CH 2 OC 6 Hi 3 


2 


147 


C s Ht 3 -Cm1 -Ph-(CH 2 ) 4 -L1 -Cs Hi 7 


1 


186 


C 3 H 7 -Ph2CI-Tn-(CH 2 )i 3 -L1 -C1 0 H 2 1 


1 




X 


96 



A liquid crystal device was manufactured by the same method as that of Example 48 except the 
35 foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
contrast at the time of the operation at 30 0 C was measured. The resulted contrast was 19.0. 

Example 53 

40 The following example compounds were mixed with the foregoing with the following parts by weight in 
place of the example compounds of the compositions according to Example 48 so that liquid crystal 
composition XF was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


226 


C 6 Hi 3 0-Py2-Ph-(CH 2 )G-L2-Ph-C 6 Hi 3 


2 


261 


C1 2 H 25 -Btb2-Ph-(CH 2 )9 -L1 -Ph-H 


2 


294 


C 8 Hi 7 -Ph-Tz1 -(CH 2 ) 2 - L1 -Ph-H 


1 




X 


95 



A liquid crystal device was manufactured by the same method as that of Example 33 except the 
foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
contrast at the time of the operation at 30 • C was m asured. The resulted contrast was 18.2. 

55 
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Example 54 

The following example compounds were mixed with the foregoing with the following parts by weight in 
place of the example compounds of the compositions according to Example 48 so that liquid crystal 
5 composition XG was prepared. 



Example Compound No. 


Constitutional Formula 


Parts by Weight 


326 


Ci o H 2 1 -Pr2-Ph-(CH 2 )s -L2-C* H 3 


2 


460 


Ci o F 2 , CH 2 OPy2-Ph-(CH 2 ) 2 -L1 -Cs H, 3 


2 


464 


Cs Fi 3 CH 2 0-Ph-Ph-(CH 2 )a -L2-Cs 3 


1 




X 


95 



75 A liquid crystal device was manufactured by the same method as that of Example 48 except the 

foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
contrast at the time of the operation at 30 °C was measured. The resulted contrast was 23.1 . 

As can be understood from Examples 48 to 54, the liquid crystal device including any of the liquid 
crystal compositions XA, XB, XC, XD, XE, XF and XG had intense contrast at the time of the operation. 

20 

Example 55 

The following example compounds were mixed with the foregoing with the following parts by weight in 
place of the example compounds of the compositions according to Example 48 so that liquid crystal 
25 composition XH was prepared. 





Example 


Constitutional Formula 


Parts by Weight 




Compound No. 






30 


19 


Ci o H 2 , -Py2-Ph-(CH 2 h -L1 -Cs Hi 3 


5 






X 


95 



A liquid crystal device was manufactured by the same method as that of Example 48 except the 
foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
contrast at the time of the operation at 30 °C was measured. The resulted contrast was 16.3. 

Comparative Example 5 

Compounds which had been disclosed in U.S.P. 4,973,425 and in which a lactone ring and a mesogen 
skeleton were bonded with each by a methyleneoxy group was prepared by a method disclosed in the 
same. The melting points of compounds A and B are as follows: 





melting point 


Comparative Compound A 
Comparative Compound B 


cis • Ci o H 2 1 -Py2-Ph-OCH 2 -L2-C€ Hi 3 
tran • Ci o H 2 1 -Py2-Ph-OCH 2 -L2-Cs Hi 3 


137.3°C 
' 97.1 -C 



Then, compound A was mixed with the following parts by weight in place of the example compound of 
50 the composition according to Example 48 so that liquid crystal composition XI was prepared. 



Constitutional. Formula 


Parts by Weight 


cis • Ci o H 2 1 -Py2-Ph-OCH 2 -L2-Cs Hi 3 
X 


5 
95 



A liquid crystal device was manufactured by the same method as that of Example 48 except the 
foregoing composition being used. By using similar operation waveforms to those in Example 48, the 
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contrast at the time of the operation at 30 °C was measured. The resulted contrast was 10.4. 

Compound B was mixed with the following parts by weight in place of the example compound of the 
composition according to Example 48 so that liquid crystal composition XJ was prepared. 



Constitutional Formula 


Parts by Weight 


trans- Ci 0 H 2 1 -Py2-Ph-OCH 2 -L2-C6 Hi 3 
X 


5 
95 



A ferroelectric liquid crystal device was manufactured by the same method as that of Example 48 
except the foregoing composition being used. By using similar operation waveforms to those in Example 
48, the contrast at the time of the operation at 30° C was measured. The resulted contrast was 9.2. 

As can be understood from Example 55 and Comparative Example 5, the liquid crystal device 
containing liquid crystal composition H according to the present invention exhibited greatly intense contrast 
at the time of the operation as compared with the liquid crystal device containing liquid crystal composition 
XI and XJ including compound A or B. 

Example 56 

A liquid crystal device was manufactured by the same method as that of Example 48 except 2% water 
solution of polyvinyl alcohol resin (PVA-117 manufactured by Kurare) being used in place of 
dimethylacetoamide solution of polyimide resin precursor by 1.0% according to Example 48. By employing 
a similar method to that in Example 48, the contrast at the time of the operation at 30 °C was measured. 
The resulted contrast was 16.1. 

Example 57 

A liquid crystal device was manufactured by the same method as that of Example 48 except the 
orientation control layer being formed by only polyimide resin without Si02 employed in Example 48. By 
employing a similar method to that in Example 48, the contrast at the time of the operation at 30 *C was 
measured. The resulted contrast was 14.5. 



Example 58 

A ferroelectric liquid crystal device was manufactured by the same method as that of Example 48 
except 1% NMP solution of polyamide acid (LQ1802 manufactured by Hitachi Kasei) being baked at 270 *C 
for one hour in place of dimethyl acetoamide solution of polyimide precursor by 1.0% employed in Example 
48. By employing a similar method to that in Example 48, the contrast at the time of the operation at 30 *C 
was measured. The resulted contrast was 28.1. 

As can be understood from Examples 56, 57 and 58, even if the structure of the device is changed, the 
liquid crystal device according to the present invention having the liquid crystal composition disposed 
between substrates enables intense contrast similar to the device according to Example 48. Even if the 
operation waveform is changed, the detailed investigation resulted in that the liquid crystal device having 
the liquid crystal composition (ferroelectric liquid crystal composition) according to the present invention 
enables intense contrast to be obtained . 

As described above, according to the present invention, there is provided a novel optically active 
compound exhibiting excellent performance of realizing spontaneous polarization. In particular, the liquid 
crystal composition containing the optically active compound according to the present invention can be 
operated by making using of the ferroelectric characteristic of the liquid crystal composition. As described 
above, the liquid crystal device according to the present invention using the characteristic of the liquid 
crystal composition has excellent switching characteristic, high-speed response, capability of reducing in 
dependency of the optical response speed upon the temperature, and intense contrast. A display apparatus 
comprising the liquid crystal device according to the present invention with a light source, an operating 
circuit and the like as a display device is an excellent apparatus. 

Although the invention has been described in its preferred form with a certain degree of particularity, it 
is understood that the present disclosure of the preferred form can be changed in the details of construction 
and the combination and arrangement of parts may be resorted to without departing from the spirit and the 
scope of the invention as hereinafter claimed. 
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An optically active compound represented by the following general formula (I): 
R, -Ai -A2-X1 -A3-(CH 2 ) P -L-A4-R 2 (I) 

5 where R1 and R2 respectively are H, F, CN or straight chain, branched or cyclic alkyl group (one or more 
-CH 2 - in the alkyl group may be replaced by -O-, -S-, -CO, -CH (CN)-, -CH=CH- or -C = C- under 
condition that hetero atoms do not position adjacent and the hydrogen atom in the alkyl group may be 
replaced by a fluorine atom) having 1 to 30 carbon atoms, A3 is a group selected from the group consisting 
of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohex- 

70 ylene, 1 ,3-dioxane-2,5-d»yl, 1 ,3-ditiane-2,5-diyl, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, ben- 
zoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5-diyl, 
benzofuran-2 f 6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl, 2-alkylindane- 

2.5- diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 18 carbon atoms), indanone- 

2.6- diyl, 2-alkylindane-2,6-diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 18 
75 carbon atoms), coumarane-2,5-diyl and 2-alkylcoumarane-2,5-diyl (the alkyl group is a straight chain or 

branched alkyl group having 1 to 18 carbon atoms), each of which may be substituted by at least one 
substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, Ai, A 2 and A* are single 
bonds or selected from A3, Xr is a single bond, -COO, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = CH- or 
-C s C-, p is an integer from 2 to 20, L is optically active butanolyde-2,4-diyl or optically active 4- 
20 alkylbutanolyde-2,4-diyl (the alkyl group is straight-chain or branched alkyl group having 1 to 5 carbon 
atoms) or optically active 2-alkylbutanolyde-2,4-diyl (the alkyl group is straight-chain or branched alkyl 
group having 1 to 5 carbon atoms). 

Claims 

25 

1. An optically active compound comprising a structure represented by the following general formula (I): 
R1 -Ai -A2-Xi -A3-(CH 2 ) P -L-A4-R 2 (I) 

30 where R1 and R 2 respectively are H, F, CN or straight chain, branched or cyclic alkyl group (one or 
more -CH 2 - in the alkyl group may be replaced by -0-, -S-, -CO-, -CH (CN)-, -CH = CH- or -C = C- 
under condition that hetero atoms do not position adjacent and the hydrogen atom in the alkyl group 
may be replaced by a fluorine atom) having 1 to 30 carbon atoms, A3 is a group selected from the 
group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, pyridazine- 

35 3,6-diyl, 1 ,4-cyclohexylene, 1 ,3-dioxane-2,5-diyl, 1,3-ditiane-2,5-diyl, thiophene-2,5-diyl, thiazole-2,5-diyl, 

thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole- 
2,6-diyl, benzofuran-2,5-diyl, benzofuran-2,6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naph- 
thylene, indane-2,5-diyl, 2-alkylindane-2,5-diyl (the alkyl group is a straight chain or branched alkyl 
group having 1 to 18 carbon atoms), indanone-2,6-diyl, 2-alkylindane-2,6-diyl (the alkyl group is a 

40 straight chain or branched alkyl group having 1 to 18 carbon atoms), coumarane-2,5-diyl and 2- 
alkylcoumarane-2,5-diyl (the alkyl group is a straight chain or branched alkyl group having 1 to 18 
carbon atoms), each of which may be substituted by at least one substituent selected from the group 
consisting of F, CI, Br, CH3, CF 3 and CN, At, A 2 and A4 are single bonds or selected from A3, Xi' is a 
single bond, -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = CH- or -C = C-, p is an integer from 2 to 

45 20, L is optically active butanolyde-2,4~diyl or optically active 4-alkylbutanolyde-2,4-diyl (the alkyl group 
is straight-chain or branched alkyl group having 1 to 5 carbon atoms) or optically active 2-alkyl- 
butanolyde-2,4-diyl (the alkyl group is straight-chain or branched alkyl group having 1 to 5 carbon 
atoms). 

50 2. An optically active compound according to claim 1, wherein said optically active compound represented 
by general formula (I) is any of compounds in (la) to (Id): 

(la) an optically active compound in which Ai and A2 respectively are single bonds or groups 
selected from the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine- 
2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylen , thiophene-2,5-diyl, thiazole-2,5-diyl, thiaztazole-2,5- 

55 diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, ben- 

zofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane- 
2,5-diyl and coumarane-2,5-diyl, each of which may be substituted by at least one substituent 
selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, A3 is 1 , 4-phenylene, which may 
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be substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 
and CN and A* is a single bond; 

(lb) an optically active compound in which Ai and A2 are single bonds or 1 ,4-phenylene, which may 
be substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 

5 and CN, As is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 

pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, 
thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole- 
2,6-diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naph- 
thylene, indane-2,5-diyl and coumarane-2,5-diyl and A4 is a single bond; 

70 (Ic) an optically active compound in which A^ is a single bond, A2 and A4 are respectively groups 

selected from the following group consisting of 1 ,4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, 
thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole- 
2,6-diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naph- 

15 thylene, indane-2,5-diyl and coumarane-2,5-diyl, each of which may be substituted by at least one 

substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, and A 3 is 1 ,4- 
phenylene, which may be substituted by at least one substituent selected from the group consisting 
of F, CI, Br, CH 3 , CF 3 and CN; and 

(Id) an optically active compound in which A1 is a single bond, A2 is a single bond or 1 ,4-phenylene, 
20 which may be substituted by at least one substituent selected from the group consisting of F, CI, Br, 

CH 3 , CF 3 and CN, A 3 is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine- 

2.5- diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, 
thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2.5-diyl, benzothiazole- 

2.6- diyl, benzofuran-2 t 5-diyl, benzofuran-2-6-diyl, quinoxaline-2.6-diyl, quinoline-2,6-diyl. 2,6-naph- 
25 thylene, indane-2,5-diyl and coumarane-2,5-diyl and A* is 1 ,4-phenylene, which may be substituted 

by at least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 

3. An optically active compound according to claim 1, wherein said optically active compound represented 
by general formula (I) is any of compounds in (laa) to (Idb): 
30 (laa) an optically active compound in which A1.A2.A4. and X1 are single bonds, and As is 1,4- 

phenylene, which may be substituted by at least one substituent selected from the group consisting 
of F, CI, Br, CH 3 , CF 3 and CN; 

(lab) an optically active compound in which A1 , A4 and X1 are single bonds, A2 is a group selected 
from the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1 ,4-cyclohexylene, 

35 thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, 

quinoline-2,6-diyl, 2,6-naphthylene and indane-2,5-diyl, each of which may be substituted by at least 
one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, and As is 1,4- 
phenylene or that having one or two substituents, which may be substituted by at least one 
substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN; 

40 (lac) an optically active compound in which A4 and X1 are single bonds, A1 is pyrimidine-2,5-diyl, A2 

and As are 1 ,4-phenylene, which may be substituted by at least one substituent selected from the 
group consisting of F, CI, Br, CH 3 , CF 3 and CN; 

(lad) an optically active compound in which A* and X1 are single bonds, A1 and A2 are respectively 
groups selected from the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
45 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl and indane-2,5-diyl, each 

of which may be substituted by at least one substituent selected from the group consisting of F, CI, 
Br, CH 3f CF 3 and CN, and As is 1 ,4-phenylene, which may be substituted by at least one substituent 
selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN; 

(Iba) an optically active compound in which A1.A2.A4 and X1 are respectively single bonds, A3 is a 
50 group selected from the group consisting of pyridine-2,5-diyl, 1 ,4-cyclohexylene, quinoxaline-2,6- 

diyl, quinoline-2,6-diyl and 2,6-naphthylene; 

(Ibb) an optically active compound in which Ai, A* and Xi are single bonds, A2 is 1 ,4-phenylene, 
which may be substituted by at least one substituent selected from the group consisting of F, CI, Br, 
CH 3 , CF 3 and CN, and As is a group selected from the group consisting of pyridine-2,5-diyl, 
55 pyrimidine-2,5-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, 

quinoxaline-2,6-diyl, quinoline-2,6-diyl and 2,6-naphthylene; 

(lea) an optically active compound in which Ai and X1 are single bonds, A2 is groups selected from 
the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1 ,4-cyclohexylene, 
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thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, 
quinoline-2,6-diyl, 2,6-naphthylene and indane-2,5-diyl, each of which may be substituted by at least 
one substituent selected from the group consisting of F, CI, Br, CH3, CF3 and CN, and A3 and A4 
are 1 ,4-phenylene, which may be substituted by at least one substituent selected from the group 
consisting of F, CI, Br, CH 3 , CF 3 and CN; 

(Ida) an optically active compound in which A1 and X1 are single bonds, A3 is a group selected from 
the group consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1 ,4-cyclohexylene, thiophene-2,5-diyl, 
thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 
2,6-naphthylene and indane-2,5-diyl, A 2 and A* are 1 ,4-phenylene, which may be substituted by at 
least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN; and 
(Idb) an optically active compound in which A1 , A2 and Xi are single bonds, A3 is a group selected 
from the group consisting of 1 ,4-phenylene, pyridine-2,5-diyl, 1 ,4-cyclohexyiene, quinoxaline-2,6-diyl s 
quinoline-2,6-diyl and 2,6-naphthylene, and A* is 1 ,4-phenylene, which may be substituted by at 
least one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN. 

An optically active compound according to claim 1, wherein Ri and R2 of said optically active 
compound represented by general formula (I) respectively are any of groups in (i) to (xvi): 

(i)n-C a H 2a+1 -Y,- 

(») 

E 
I 

CbH2bti CH (CHa) a Yi 

(Hi) 

CH, 
I 

C.H,..,0 (CH,) , CH (CH 2 ) „ - Y 1 — . 

(iv) 

F 
I 

C jH2|m CH - Ya~ 

(v) C h F 2h+1 (CH 2 ) i -Y 1 - 

(vi) C k F 2k+1 (OC 2 FO w OCF 2 CH 2 0- 

(vii) H 

(viii) F 
(ix) 



(x) 
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(xi) 



Cm ♦ In 
C„H2n «- I 




o 



Y 3 - 



(xii) 



10 



15 



(xiii) 



20 



C0H211 * 1 




Y 3 - 



O 



(xiv) 



25 



30 



C»H2s ♦ I 



(XV) 



35 



o 



40 



(xvi) 



45 



CiH 2 



where a is an integer from 1 to 16, d, g and i are integers from 0 to 7, b, e, h, j and k are integers from 
1 to 10, f and w respectively are 0 or 1, m, n, q, r, s and t are integers from 0 and 10 in which b + d £ 
50 16, e + f + g £ 16 and h + i S 16 are satisfied, E is CH 3 or CF 3l Y1 is a single bond, -O-, -COO- or 
-OCO-, Y 2 is -COO-, -CH2O-, -CH2CH2O-, -CH2CH2CH2O- or -CH 2 CH 2 -, Y 3 is a single bond, -COO-, 
-CH2O-, -OCO- or -OCH2 which may be optically active groups. 

5. An optically active compound according to claim 1, wherein p of said optically active compound 
55 represented by general formula (I) is an integer from 2 to 12. 

6. An optically active compound according to claim 1, wherein p of said optically active compound 
represented by general formula (I) is 2, 4, 6 or 8. 
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7. An optically active compound according to claim 1, wherein p of said optically active compound 
represented by general formula (I) is 3, 5, 7 or 9. 

a An optically active compound comprising a structure represented by the following general formula (V): 

5 




( i ' ) 



where FV is H, F, CN or a straight, branched or cyclic alkyl group (one or more -CH2- in the alkyl 
group may be replaced by -0-, -S-, -CO-, -CH (CN)-, -CH = CH- or -C = C- under condition that hetero 
atoms do not position adjacent and the hydrogen atom in the alkyl group may be replaced by a fluorine 

15 atom) having 1 to 20 carbon atoms, FV is a straight or branched alkyl group (one or more -CH 2 - in the 

alkyl group may be replaced by -O-, -CO- or -CH = CH- under condition that hetero atoms do not 
position adjacent and the hydrogen atom in the alkyl group may be replaced by a fluorine atom), A3' is 
a group selected from the group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, 
pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1 ,4-cyclohexylene, 1 ,3-dioxane-2,5-diyl, 1,3-ditiane-2,5-diyl, 

20 thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, ben- 

zothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, 
quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl, 2-alkylindane-2,5-diyl (the alkyl group is a straight 
chain or branched alkyl group having 1 to 18 carbon atoms), indanone-2,6-diyl, 2-alkylindane-2,6-diyl 
(the alkyl group is a straight chain or branched alkyl group having 1 to 18 carbon atoms), coumarane- 

25 2,5-diyl and 2-alkylcoumarane-2,5-diyl (the alkyl group is a straight chain or branched alkyl group 

having 1 to 18 carbon atoms), each of which may be substituted by at least one substituent selected 
from the group consisting of F, CI, Br, CH 3 , CF 3 and CN, Ar and AT are single bonds or selected from 
A3', xr is a single bond, -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = CH- or -C = C-, and * 
represents optically active characteristic. 

30 

9. An optically active compound according to claim 8, wherein said optically active compound represented 
by general formula (P) is any of materials in (la*) or (lb'): 

(la f ) an optically active compound in which A1 * and A^ are single bonds or groups selected from the 
group consisting of 1, 4-phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, pyrazine-2,5-diyl, 
35 pyridazine-3,6-diyl, 1,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, ben- 

zoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole-2,6-diyl, benzofuran- 

2.5- diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naphthylene, indane-2,5-diyl 
and coumarane-2,5-diyl, each of which may be substituted by at least one substituent selected from 
the group consisting of F, CI, Br, CH 3 , CF 3 and CN and A3 is 1 , 4-phenylene substituted by at least 

40 one group selected from the group consisting of F, CI, Br, CH 3 , CF3 and CN and A* is a single 

bond; or 

(lb') an optically active compound in which Ar and A2' are single bonds or 1 , 4-phenylene, which 
may be substituted by at least one substituent selected from the group consisting of F, CI, Br, CH 3j 
CF 3 and CN, A3 is a group selected from the group consisting of pyridine-2,5-diyl, pyrimidine-2,5- 
45 diyl, pyrazine-2,5-diyl, pyridazine-3,6-diyl, 1,4-cyclohexylene, thiophene-2,5-diyl, thiazole-2,5-diyl, 

thiaziazole-2,5-diyl, benzoxazole-2,5-diyl, benzoxazole-2,6-diyl, benzothiazole-2,5-diyl, benzothiazole- 

2.6- diyl, benzofuran-2,5-diyl, benzofuran-2-6-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl, 2,6-naph- 
thylene, indane-2,5-diyl and coumarane-2,5-diyl. 

50 10. An optically active compound according to claim 8, wherein said optically active compound represented 
by general formula (V) is any of materials in (laa*) or (Ibb*): 

(laa') an optically active compound in which Ar, A^ and xr are single bonds and A3 f is 1,4- 

phenylene, which may be substituted by at least one substituent selected from the group consisting 

of F, CI, Br, CH 3 , CF 3 and CN; 
55 (lab f ) an optically active compound in which Ar is a single bond and both A^ and AT are 1,4- 

phenyl ne, which may be at least one substituent selected from the group consisting of F, CI, Br, 

CH 3 , CF 3 and CN; 
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(lac') an optically active compound in which Ar and xr are single bonds, A 2 ' is a group selected 
from the group consisting of pyridine-2,5-diy1, pyrimidine-2,5-diyl, 1,4-cyclohexylene, thiophene-2,5- 
diyl, thiazole-2,5-diyl, thiaziazole-2,5-diyl, benzothiazole-2,6-diyl, quinoxaline-2,6-diyl, quinoline-2,6- 
diyl, 2,6-naphthylene and indane-2,5-diyl, A 3 ' is 1 ,4-phenylene, which may be substituted by at least 

5 one substituent selected from the group consisting of F, CI, Br, CH 3 , CF 3 and CN; and 

(Iba') an optically active compound in which Ar, A 2 ' and Xr are single bonds and A3* is a group 
selected from the group consisting of pyridine-2,5-diyl, 1,4-cyclohexylene, quinoxaline-2,6-diyl, 
quinoline-2,6-diyl and 2,6-naphthylene. (Ibb') An optically active compound in which Ai ' and Xi ' are 
single bonds, A2' is 1 ,4-phenylene, which may be substituted by at least one substituent selected 

io from the group consisting of F, CI, Br, CH 3 , CF 3 and CN and A3' is a group selected from the group 

consisting of pyridine-2,5-diyl, pyrimidine-2,5-diyl, 1,4-cyclohexylene, thiophene-2,5-diyl, thiazole- 
2,5-diyl, thiaziazole-2 f 5-diyl, quinoxaline-2,6-diyl, quinoline-2,6-diyl and 2,6-naphthylene. 

11. An optically active compound according to claim 8, wherein R1' and R2' of said optically active 
75 compound represented by general formula (I') respective are any of materials in (i') to (v'): 

(i') n-C a H 2a + iY, 
(ii f ) 

C II 3 

20 | 

C b - H 2 b* • i C H (CH 2 ) a- • Y/ 

(iii*) 

25 

CH 3 
I 

C.-H,.. M 0 (CH 2 ) r CH (CH 2 ) - Y,' 

30 

(iV) 

F 
I 

35 C r H 2r hCH-Y,' ' 

<v')C h .F 2h . + 1 (CH 2 )rYi'- 

where a 1 is an integer from 1 to 16, d\ g' and i* respectively are integers from 0 to 7, b', e\ h' and j* 
40 respectively are integers from 1 to 10, F is 0 or 1 in which b' + d f ^ 16, e f + f + g f ^ 16 and h* + i' ^ 
16 are satisfied, YV is a single bond, -0-, -COO- or -OCO- and Y 2 f is -COO- or -CH 2 0-, which may be 
optically active. 

12. An optically active compound comprising a structure represented by the following general formula (II): 

45 

CH 2 = CH-(CH 2 ) P -L , -R 2 (II) 

where p 1 is an integer from 0 to 18, L' is optically active 4-butanolyde-2,4-dyl, R 2 is F, CN or straight 
chain, branched or cyclic alky I group (one or more -CH 2 - in the alky I group may be replaced by -O-, 
50 -S-, -CO-, -CH (CN)-, -CH = CH- or -C ■ C- under condition that hetero atoms do not position adjacent ) 
which has 3 to 30 carbon atoms and which can be substituted. 

13. An optically active compound according to claim 12, wherein R 2 is a straight chain alkyl group having 4 
to 10 carbon atoms. 

55 

14. An optically active compound according to claim 12, wherein R 2 is a straight chain hexyl group. 

15. An optically active compound according to claim 12, wherein p f is an integer of 0 to 4. 
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16. A liquid crystal composition comprising one or more kinds of said optically active compounds claimed 
in any of claims 1 to 15. 

17. A liquid crystal composition according to claim 16, wherein said optically active compound is contained 
5 by 1 wt% to 80 wt%. 

18. A liquid crystal composition according to claim 16, wherein said optically active compound is contained 
by 1 wt% to 60 wt%. 

io 19. A liquid crystal composition according to claim 16, wherein said optically active compound is contained 
by 1 wt% to 40 wt%. 

20. A liquid crystal composition according to claim 16, wherein said liquid crystal compound has a chiral 
smectic phase. 

75 

21. A liquid crystal composition according to claim 16, wherein two or more kinds of said optically active 
compounds. 

22. A liquid crystal device comprising said liquid crystal composition according to claim 12 disposed 
20 between a pair of electrode substrates. 

23. A liquid crystal device according to claim 22, wherein an orientation control layer is further formed on 
said electrode substrate. 

25 24. A liquid crystal device according to claim 22, wherein said orientation control layer is a layer subjected 
to a rubbing process. 

25. A liquid crystal device according to claim 22, wherein said pair of electrode substrates are disposed 
with a thickness realized when spirals of liquid crystal molecules are untied. 

30 

26. A liquid crystal apparatus comprising said liquid crystal device according to claim 22 and a circuit for 
operating said liquid crystal device. 

27. A liquid crystal apparatus according to claim 26, wherein said liquid crystal device is used as a display 
35 device. 

28. A liquid crystal apparatus according to claim 27 further comprising a light source. 

29. A display method comprising the step of controlling said liquid crystal composition according to claim 
40 16 to display information. 
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FIG. 4 
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